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One of the greatest challenges faced by modern businesses is being able to achieve industrial 
progress while reducing environmental impact. Paradoxically, it is also one of the largest 
opportunities for businesses in a global economy.  
There is a growing belief among investors, governments, and the public at large that 
organisations have the responsibility to account for their impact on the environment and 
society. This has resulted in companies publishing documents such as corporate social 
responsibility or sustainability reports that disclose financial, social, environmental and 
governance information to their stakeholders.  However, the quality of the non-financial 
information contained in such reports is varied and often considered of questionable value.  
This thesis focuses on (1) what can be done to encourage more robust corporate reporting to 
drive positive environmental change in companies, and (2) how better-informed decisions 
can be facilitated in future investments, policy-making and consumption. 
This thesis is framed in an EngD programme and presents three types of studies:  
(1) Corporate reporting and the effectiveness of disclosure based on prior work study 
research and qualitative market research with stakeholders; 
(2) Envisioning how to evolve corporate reporting so that environmental issues are 
considered in decision making, thereby allowing current challenges to be overcome 
and creating new opportunities;  
(3) Solution-driven studies for building an efficient and useful corporate reporting 
template using Semantic Web technologies, reporting standards and Artificial 
Intelligence  techniques. 
This research contributes to knowledge in several ways: it presents insights from the market; 
identifies key corporate reporting features (drivers, constraints, improvements and impacts); 
proposes best practices; and builds technical solutions. Much of the work focuses on tackling 
the challenges of better data standardisation, data connectivity, and data integration with 
applications in complex corporate information. The intention is to provide material to 
promote the implementation of this work and further research. 
iii 
 
The results of this thesis are also providing the groundwork for a number of corporate 
reporting working groups and task forces led by organisations like the Institute of Chartered 
Accountants in England and Wales (ICAEW), Financial Reporting Council (FRC), Carbon 
Disclosure Project (CDP), The Spanish Association of Accountants (AECA), XBRL International, 
XBRL Europe and XBRL Spain. At the same time, we are encouraging a closer collaboration 
between reporting initiatives and technical communities, as well as the evolution of reporting 
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Chapter 1. Introduction 
This chapter presents the research questions motivating this thesis, examines the academic 
and industrial background, and provides an overview of the document’s structure and 
organisation. 
 
1.1 Background and motivation 
Environmental sustainability is defined by the United Nations [1] as responsible interaction 
with the environment to avoid depletion or degradation of natural resources and allow for 
long-term environmental quality. 
 
According to a recent United Nations Environment Programme report on emissions, global 
greenhouse gas emissions have to peak by 2020 and decline rapidly thereafter to limit the 
increase in the global average temperature to no more than 1.5°C above pre-industrial levels. 
However, based on current policies and commitments, “global emissions are not even 
estimated to peak by 2030—let alone by 2020”. As a result, companies are under constant 
pressure from consumers, investors and governments to take responsibility for their impact 
on the environment . It seems clear that future business plans depend directly on a company’s 
ability to be perceived as sustainable and to receive the approval of a broad set of 
stakeholders, comprised of shareholders, investors, employees, customers, suppliers, and the 
environment, mainly by means of an adequate reporting process to maximise stakeholder 
engagement and impact.  
 
Currently, organisations implement different reporting processes. Where environmental 
information is a part of it, they normally take the form of sustainability reports, corporate 
social responsibility reports, annual reports, integrated reports and management reports 
disclosed under either a voluntary or mandatory basis. These are the mechanisms through 
which corporations share information about their economic, social, environmental and 
governance performance with their stakeholders to demonstrate the link between their 
strategy and its commitment to a sustainable global economy [2][3].  
 
 




However, although this information has been generated over the past two decades, the actual 
impact of its disclosure is a key topic of discussion in both industry and academia.  It is not 
clear that all types of reporting have the same impact on business and market performance.  
In the context of this study, it is considered that if businesses are both significant contributors 
to, and potential solution providers for, environmental problems, then reporting needs to be 
accurate and transparent to fullfil this role.  
 
In exploring how to address this problem, attention is focussed on the interopeability concept 
initially defined by the IEEE as the “ability of a system or a product to work with other systems 
or products without special effort on the part of the customer. Interoperability is made possible 
by the implementation of standards”. This concept has evolved, and it is understood today as 
the ability to exchange and use information given a heterogeneous landscape of organisations 
and information [4], beyond the merely technical layer. Interoperability is relevant due to how 
the corporate reporting ecosystem represents a complex scenario of information (Figure 1).  
It is composed of data covering a variety of financial and non-financial topics from different 
organisations, data formats (video, tweets, spreadsheet, XBRL, HTML, PDF, sensors, etc.) and 
reporting frequencies (annually, quarterly, real time). In the past, the main focus of this data 
was to satisfy the information needs of shareholders. Now, it is necessary to evolve from 
shareholders to a broad set of stakeholders, which includes almost all global public opinion; 
as a result, the boundary between shareholders and stakeholders is becoming blurred. For 
many years, leading companies have found that the integration of social, environmental and 
environmental objectives into their broader operational and financial missions assists 
regulatory compliance, and can also become a basis for developing unique competitive 
advantages. This allows them to respond effectively and proactively to the increasing social 
and environmental responsibility demands of customers, insurance companies, green 
investors, ethical trusts and innovative competitors [5][6]. This alignment with the 
stakeholder means both financial and non-financial issues must be considered in corporate 
decision-making [7].  
 
 






This information ecosystem brings potential opportunities to increase the impact of 
environmental information on the decision-making processes of companies and their 
stakeholders. However, this ecosystem poses unique challenges, such as: 
 
• How to provide better information?  First, to promote more effective environmental 
behaviours, and second, to enable people to take a more informed approach to their 
environmental decisions. This would facilitate stakeholder engagement and 
communication. 
 
• How can companies and stakeholders improve their decision-making processes ? This 
involves a company’s internal processes at the strategic, management and operational 
levels to answer questions such as: What needs to be done to enable investors to 
better analyse companies’ risks and opportunities considering their environmental 
implications? How can the general public easily judge a company based on its 
environmental and societal impact?  
 
Figure 1. Corporate reporting ecosystem 
 




This thesis can inspire innovations in IS solutions to support the production, distribution and 
consumption of corporate information, taking into consideration the different problems and 
challenges summarised in Figure 2. 
 
To clarify that this thesis is part of an Engineering Doctorate (EngD) programme instead of a 
traditional PhD. The main difference lies in the fact that the result of this research has to 
demonstrate a contribution not only within academia but also in industry. To achieve the 
latter, the market and application into the industrial sponsor of this work “The Carbon 
Disclosure Project (CDP)” was considered during the course of the study .  
 
1.2 About the industrial sponsor of this EngD 
Formed in 2002, CDP is a leading organisation in the environmental reporting field and a 
global standard setter. Looking at CDP as an agent within a network of actors (Figure 3), it has 
collaborated with companies, investors, NGOs, governments and cities from across the globe, 
helping them to disclose, measure, manage and share their environmental impact, awareness 
and actions. CDP supports organisations by helping them be more accurately informed about 
their environmental performances and consequently better able to communicate the 
information and related strategies to their stakeholders.  CDP works with influential market 
Figure 2. Problems and challenges in corporate reporting processes 
 




players, including 827 institutional investors with assets of US$100 trillion. It holds the largest 
global collection of information on primary climate change, water and forest risk 
commodities, and puts these insights at the heart of strategic business, investment and policy 
decisions. 5,600 organisations and 500 cities now use CDP to disclose vital environmental 
information to investors and major purchasers. Currently, CDP maintains collaboration lines 
to align areas of reporting with other disclosure initiatives, such as the Global Reporting 
Initiative (GRI) and the International Integrated Reporting Framework (IIRC) as described in 
more detail in Chapter 3. The main goal of this collaboration is to enable users and reporting 
firms to refer to the same data points through different reporting channels. It represents a 
significant step towards the global standardisation of environmental reporting.  
 
Figure 3. System map: Exploring CDP as a network of actors 
 
The reason for this project is that although CDP offers one of the most comprehensive 
corporate environmental datasets in the world, and is useful to a number of actors (Figure 2), 
it is not yet clear what the real use and impact of this data is on decision makers. Questions 
arise regarding the place of CDP in the market  as an environmental data provider in the 
corporate reporting ecosystem and its impact on decision-makers, and this thesis is focussed 
 




on how Information Systems (IS) can bring solutions and new opportunities to drive the 
business transformation.  
 
1.3 Purpose of this research project 
This research project aims to provide additional insights on the role of Information Systems 
in environmental sustainability. My attention is focussed on CDP as a useful dataset and its 
current role as a participatory platform, promoting the disclosure and use of environmental 
data to a variety of stakeholders. This work explores the value provided by insight into 
environmental information and how new data technologies and data science techniques can 
be implemented on top of it using real case studies, to present ways to the market and general 
society to make CDP data more relevant for decision-making. 
 
From an academic perspective, the project is linked to Accounting Information Systems and 
socio-technological disciplines, and applies system engineering techniques with a dual aim. 
First, to develop a good understanding of stakeholder requirements on CDP information 
systems. Second, to make technical contributions in the area of reporting standards, semantic 
technologies and data science techniques that will support environmental reporting 
challenges and bring new opportunities to increase its impact on stakeholders. This work is 
relevant for academia and software engineers to build IS for environmental sustainability, 
especially given the research interest in open government datasets and Big Data tools that 
are being used by some research groups in the context of corporate reporting and Accounting 
Information Systems.  
 
The industrial contribution of this work is the strengthening of CDP’s approach to data, 
through an efficient use of data and tools based on data standards, semantic technologies 
and data science techniques. This work is a generator of ideas for CDP that drives the 
company’s technology strategy, and educates and engages practitioners in innovative 
technology developments and trends. This work helps CDP achieve the next stage of its 
growth and create impact.  
 
 




1.4 Thesis structure 
 
This thesis has four main goals: (1) Identify the problem that I am trying to solve, taking into 
account previous academic efforts and the reality of the market. (2) Introduce my visions 
exploring current activities, future projections, opportunities and continuing challenges. (3)  
Propose solutions to tackle the challenges identified and to foster the opportunities explored 
previously and (4) create impact. The structure of the thesis is introduced below and 
presented in Figure 4.  
  
• Chapter 2 describes de different methodologies applied during the thesis. 
• Chapter 3 describes the context of this research. It identifies a set of potential research 
goals of interest in academia and industry about CDP and the impact of its disclosure, 
corporate reporting needs and requirements, the use of Information Systems and 
technologies that can bring solutions in this domain.    
• Chapter 4 presents the relevant literature related to this research, where the key 
concepts, theories and research gaps about the role of Information Systems in 
environmental sustainability and the effectiveness of disclosure are explored. The 
main contribution of this chapter are: 
o Identifying the reasons why companies disclose environmental sustainability 
information, how they disclose such information, and its current impact. 
o The identification of several reporting challenges, such as the unfamiliarity of 
how sustainable aspects have an impact on financial outcomes and vice-versa, 
and the lack of comparability and consistency. A clear strategy to promote 
solutions which support them is also lacking. 
o The initial presentation of key technologies that can potentially provide 
solutions to some of the highlighted challenges, especially on data 
standardisation, data connectivity and data analysis. 
• In Chapter 5, it is postulated that better quality data and Information Systems (IS) are 
critical to ensuring business transformation. However, evidence from previous 
chapters demonstrates that IS are not entirely prepared to cover stakeholder 
demands. In this chapter, the results of interviews with 21 CDP members are 
 




presented.  These interviews included representatives from companies, investors, 
governments, academia, NGOs and software/data providers.  This chapter contributes 
to identifying stakeholder requirements on CDP information systems on four 
dimensions: drivers for participating in CDP; barriers that CDP stakeholders face either 
regarding reporting performance or using the data; prescriptive solutions to improve 
adoption of CDP; the impact of CDP participation and use of its data. The results show 
clear demands for access to a larger and more diverse environmental dataset as well 
as innovative IS solutions to support data quality, interoperability, accessibility, 
analysis and visualisation.  
   
• Chapter 6 is driven by the results of Chapter 5 about the critical role that 
interoperability plays on the impact that decisions made by businesses, corporations 
and institutions have on the environment. This chapter explores the role of 
“interoperability” as a critical component of business transformation and decision-
making in complex information scenarios. The outcomes offer some insights on new 
opportunities to build better solutions to overcome sustainability challenges. 
• Chapter 7 envisions the role of reporting technologies in supporting climate reporting 
and its standardisation. Specifically eXtensible Business Reporting Language (XBRL) is 
presented as a potential mechanism to overcome existing corporate reporting 
challenges and maximise the future development of a sustainable economy.  
Potentially, this study connects with the ideas of better data standardisation and 
technical and semantic interoperability discussed in Chapters 5 and 6. This chapter 
represents a significant industrial contribution to influencing the practices of XBRL 
within CDP and its market. As a result, I produced (1) a ground-breaking new report, 
focusing on exactly how XBRL can help overcome climate-related reporting challenges, 
and (2) the implementation of the 2016 CDP-Climate change taxonomy, which is the 
digital representation of CDP data in XBRL format. This taxonomy encourages the 
utilisation of Climate Change data in business strategies and operations, and its 
introduction to the public. It represents the starting point for organisations to create 
value using digital reporting standards and help incorporate Climate Change data into 
decision-making. This work contributed  to: 
 





o Improving data quality and data accessibility: standardising Climate Change 
data and business rules in a digital open format. 
o Connecting environmental and financial information models: using the same 
reporting technology adopted by financial information markets worldwide 
(e.g. IFRS, USGAAP, UKGAAP, Spanish GAAP, EDINET, etc). XBRL is already 
required around the world by regulators and supervisory agencies. 
o Improving the consistency of environmental data across other sustainability 
disclosure frameworks and reducing reporting burdens: aligning data contexts 
across other sustainability frameworks which use XBRL, such as GRI (Global 
Reporting Initiative) and DJSI (Dow Jones Sustainability Index). 
 
• Chapter 8 presents a solution to enable a major integration of corporate financial and 
environmental data using XBRL and Linked Data principles. This solution addresses the 
properties envisioned in Chapter 6 and which Chapter 5 identified as relevant to 
stakeholders’ needs (“CDP should make accessible its data linked to other datasets”).   
This study presents a solution which demonstrate how Linked Data technologies can 
be used to build a bridge between financial and environmental data published in XBRL 
format and other Open Data silos, such as DBPedia (the structured database of 
Wikipedia), implementing a real solution that contribute to the benefits on better data 
contextualisation, validation and data analysis. These solutions should be considered 
by initiatives like CDP at the publication stage of its data. This work was presented to 
experts at the 14th European Semantic Web Conference (ESWC). 
• Chapter 9 proposes a solution using text-mining analysis to determine alignments 
between different corporate reporting frameworks that share common data, in this 
case the GRI and CDP reporting frameworks. The misalignment between different 
corporate reporting frameworks is one the difficulties identified during the 
stakeholders’ needs study in Chapter 5, and so this chapter proposes solutions for 
automatically assessing levels of correspondence between frameworks which 
represents a relevant contribution. 
 
 




The thesis concludes with Chapter 10, which summarises the most significant impact and 
conclusions from my work.  Suggestions for further research is also discussed. 
 
 





Figure 4. Thesis structure





Chapter 2. Methodologies 
This chapter describes the methods applied in this thesis. 
 
2.1 Qualitative research methodology 
 
In chapters 5 and 6, we analyse and explain organizational behaviours relating to 
environmental reporting initiatives. For that purpose, we conducted interviews with six 
different categories of stakeholders: companies, investors, governments, academics, 
software/data providers and NGOs.  The participants are CDP members from Europe, the 
United States of America and South America. All of them have a thorough understanding of 
the CDP data and tools as users and informants. The sampling method selected was the non-
probability sampling method called “Convenience sampling” because participants were 
selected via CDP Directors based on participant’s availability and willingness to take part. 
 
 





Figure 5. Stakeholders and market map 
These studies required the evaluation of a whole spectrum of CDP stakeholders. Semi-
structured interviews with open questions were selected as the research method, allowing 
engagement with a set of experts in a process designed to generate individual ideas and 
achieve synthesis and clarity on the research questions [8]. Moreover, interviews provide the 
ability to clarify responses and get supplementary information if required [9][10].  The 
interviews were conducted in Spanish and English with qualified experts who have a 
professional understanding of environmental and corporate data. Thirty-five qualified data 
analysts and senior manager participants, divided into the seven stakeholders groups 
presented in Figure 5, were invited to participate through an email from CDP. However, only 
 




21 members agreed to be interviewed, the majority non-native English speakers. Information 
about the participants and the groups to which they belong is presented in Table 1. To 
maintain the anonymity of the participants, only the number of organisations per group has 
been identified. The companies that agreed to participate belong to different industries, (Oil 
and Gas, Telecommunication, Chemical and Explosive). The investors were international asset 
management companies.  Government groups were represented by global organisations and 
local authorities. Meanwhile, academics were research group experts in a diverse number of 
business fields (policy, environmental and financial risks and performance and 
accountability). The NGOs were composed of non-profit organisations that work 
internationally with businesses and governments. Software and data providers were 
represented by companies that develop software for corporate reporting and data 
aggregators.   
 
Table 1. Distribution of participants per stakeholder group 
The interviewees received the questionnaire and a brief introdution to the study about one 
week in advance of their interviews. Face-to-face interviews were conducted with 58% of the 
participants, and the remainder interviewed via video conferences over the course of six 
months. The interviews were recorded and then transcribed. After the transcription, some 
additional questions were asked of certain participants to clarify their responses [11]. Codes 
were developed following the recommendations of [12[13][14] to identify emerging patterns 
and themes, and to identify relevant categories for analysis.  To improve the reliability of the 
results after three rounds of coding, we developed the categorisation of drivers, constraints, 
improvements and impacts for chapter 5 and for chapter 6 the interoperability frameworks 
(for more information refers to chapter 6). Answers were analysed against the research 
 




questions and the conceptual frameworks. To support the coding and analysis, we used the 
qualitative data analysis and research software called ATLAS.ti1. 
2.2 Taxonomy design methodology 
 
In chapter 7, we developed a solution using XBRL technology to standardise environmental 
data, given as a result an XBRL taxonomy for environmental data. For that, we used a phased 
approach (Figure 6) to take along the development path.
 
Figure 6.Taxonomy Design methodology 
At the design phase, we built a data dictionary with the goal to reflect the value of the 
information contained. At this staged we avoided to constraint at early stages the value of 
the information due to technical restrictions in the XBRL Specification. Once the domain of 
the information was defined on spreadsheets in excel, we checked with the CDP Technical 
Director.  Once, all the elements were identified, defined and checked, we decided the level 
of modularization to break the taxonomy into different parts, this is important to facilitate its 
applicability in different sectors (such as Oil and Gas, Finance..) and also for the maintenance 
of the XBRL taxonomy in the medium and long-term given the CDP reporting guidance is 
updated every year with new data points and existing ones are removed.  We also evaluated 
the possibility to reuse existing taxonomies, as well as, XBRL specifications. As a result, the 
taxonomy was modularized in different parts to 1) facilitate the maintenance of the schema 
in the medium and long-term and 2) open the possibility to address other specific sectors 
beyond Oil and Gas. Formulas2, Extensible Enumeration3 and Dimension4 specifications were 
 
1 Atlas.ti Qualitative Data analysis: http://atlasti.com/ 
2 Formula specification: https://specifications.xbrl.org/work-product-index-formula-formula-1.0.html  
3 Extensible Enumeration specification: https://www.xbrl.org/Specification/extensible-enumerations-2.0/CR-
2019-01-09/extensible-enumerations-2.0-CR-2019-01-09.html  















selected to better represent the validation rules and qualitative information. There was not 
necessary to reuse existing taxonomies. 
Once the taxonomy was built, we validated against XBRL specification and related filing rules. 
2.3 Machine Learning methodology 
 
In chapter 9, a Machine Learning methodology was developed to facilitate the identification 
of common data points (such as risk and opportunities in climate , policy influence, etc) from 
different reporting frameworks. To demonstrate the usefulness of our proposal, we tested 
our method using CDP and Global Reporing Iniative (GRI) datasets. We proposed the approach 
of “learning from massive data” [15] by analysing texts from GRI and CDP reports. These 
analyses were carried out by means of Natural Language Processing (NLP) methods, 
specifically supervised learning for classification tasks [16].   
In Figure 7 we illustrate the methodology we followed: 
(1) to generate and validate the classification model using training data (source of learning 
material), which in our case is the CDP responses classified by questions. 
(2) to predict the classification of a new dataset applying the new model. In this instance it 
means classifying the GRI reports into CDP questions to get an accurate measure. 
 













Chapter 3. Context 
This chapter presents a set of research questions of interest to academia and industry about 
CDP and the impact of disclosure, corporate reporting needs and requirements.  It also 
provides background about the use of Information Systems (IS) and technologies that can 
offer solutions in this domain.    
3.1 Background 
More than 12,000 public companies worldwide have recently issued reports on various 
aspects of their environmental sustainability mostly in response to investors’ demands and 
regulators’ requirements for this information [20]. Global stock exchanges are either 
requiring or recommending listed companies to report their environmental sustainability in 
addition to their financial performance.  Since 2015, listed companies on the Hong Kong Stock 
Exchange have required disclosure of sustainability information.  About 6,000 large European 
companies are now required to disclose information about their environmental, social and 
governance (ESG) sustainability performance in the 2017 reporting year [21]. More than 8,000 
public companies across the globe issued a stand-alone sustainability report in 2015, 
compared with less than 500 companies in 2005 [20]. Today there is empirical evidence in 
several industrial sectors that sustainability reporting has become of competitive relevance 
and strategic importance [22][23].  
 
With the 2008 global financial crisis, there was an erosion of trust in states and corporations, 
and companies were called on to play a role in restoring it. As a result, environmental 
dimension was developed to help produce more stable and predictable economic systems 
and markets. Previous research has found that environmental improvements can help 
corporations to save resources, and to increase sales by means of product enhancements and 
quality. However, due to their reporting practices and its positive impact on reputation, the 
companies that more rigorously adopt a responsible strategy can benefit from significantly 
better stock market behaviour [24][25]. What seems clear is that the one vehicle by which 
firms benefit from improving their results is reporting. According to STOXX [26], it is possible 
to observe how companies listed in a “sustainability index” present better historical 
behaviour in the stock market price of their shares than a general sample of quoted 
 




corporations (Figure 8). Reseach are showing that companies which do not integrate 
environmental factors into their business strategy put their long-term competitiveness at risk. 




Is it that companies following environmental sustainability strategies can generate 
greater value for their shareholders? Alternatively, is it the other way around: the best-
performing companies have enough resources to take care of their stakeholders once 
the shareholders are satisfied? Is it X that generates Y or vice versa? This is still a 
controversial topic in the academic and professional literature. However, some relevant 
authors argue in favour of the first option [27][28][29]. For many years, leading 
companies have found that the integration of environmental objectives into their 
broader operational and financial missions can assist regulatory compliance. 
Figure 8. The STOXX Sustainability index against a general stock market index 
 




When dealing with environmental reporting, a key challenge arises: the need for a standard 
to guide companies in preparing and disclosing such information. Following the development 
of a certain number of consortia and guidelines, companies have dramatically increased the 
amount of information disclosed by reporting not only financial but also environmental issues 
in longer and more complex annual reports, or by providing sustainability reports along with 
the traditional financial data.  
More information is not necessarily synonymous with better or more relevant information 
for decision making. The diagnosis could be as follows: at the moment, large amounts of 
information are generated, certainly in excess. Such information is expensive to develop, 
especially if we expect to meet the increasing regulatory demands derived from the economic 
crisis.  
Today, corporate reporting continues to grow in a disjointed manner. Financial reports have 
significantly expanded. At the same time, new information is being developed for different 
purposes in a disconnected manner. Annual reports, sustainability reports, corporate 
governance reports and other documents on company management are not linked. They do 
not reference each other and they are often developed using divergent and/or overlapping 
reporting definitions.  Each of these reports is expressed in very different terms and styles, 
with varying degrees of complexity depending on their target audience and the framework 
that governs their construction.  
Ease of comparability, ease of consumption and the levels of reliance and trust that a user 
may ascribe to these different reports are uneven. This creates significant difficulties in the 
processing and analysis of information by users, especially investors and analysts. 
In short, the current situation of corporate reporting could be described in the following way: 
it presents a large volume of unrelated data that is not necessarily relevant, is expensive to 
produce, is difficult to handle and is of little strategic significance (or reduced usefulness) for 
future-orientated decision making given its eminently historical nature. To summarise, the 
current deficiencies of corporate reporting are: 
• The variety of formats provided (PDFs, HTML, XBRL, Excel, etc.). 
 




• The lack of quantitative indicators. 
• The misalignment in the basic principles (e.g. thresholds of materiality that relate to 
the significance, relevance, reliability of the information for the performance of the 
firm), especially because of the variety of guidelines available to create such reports. 
• The lack of reliability, due to weak auditing practices regarding the information 
provided and the applied verification processes. 
Given these corporate reporting requirements and technical problems, we found that 
Information Systems, digital reporting standards, such as XBRL (eXtensible Business Reporting 
Language)(Section 2.4) and Big Data techniques, semantic technologies (section 2.5)  provide 
powerful tools to turn isolated pieces of data and reports into valuable information ready for 
decision-makers.  Chapters 7, 8 and 9 make primarily technical and academic contributions 
using these tools in the context of corporate reporting.  
3.2 Voluntary and mandatory reporting schemas 
The disclosure of environmental sustainability is happening through a multitude of voluntary 
and mandatory reporting initiatives.  Annex A presents a set of reporting initiatives that 
directly or indirectly relate to this research. We describe their requirements and the most 
relevant reporting features, including whether the disclosure is a government requirement, 
guidelines or reporting system; country and disclosers affected; the type of information 
disclosed; whether the initiative is mandatory or voluntary; whether this information usually 
comes in a type of report (annual report, CSR reports, Integrated report); the communication 
channel; data format; whether the information is publicly available or not; external 
frameworks referenced; and disclosure location. 
 
As a general conclusion from Annex A, we found common domains of information disclosed 
under different reports and data formats. In some cases, this information is centralised by an 
organisation and freely accessible, or is available at a cost, as is the case of CDP. The majority 
of these initiatives reference multiple frameworks that differ in the level of detail proposed. 
For example, looking at the European Directive, it references CDP and IIRC as valid 
frameworks to comply with the Directive, but it does not specify how and where each of these 
 




frameworks may be used to comply with the Directive. This fact complicates matters for 
disclosers to understand how and when to use each framework to support their disclosures.  
For example, CDP is a data-driven framework while IIRC is a principles-driven framework, 
which references CDP as part of its natural capital work.  In general, the different reporting 
initiatives presented demonstrate that there is a lack of a unique Generally Accepted 
Accounting Principle (GAAP) for the disclosure of sustainability information. It also reveals 
that there is a lack of understanding about how these different frameworks should work 
together to maximise the value of the reported information and create a real impact on the 
final users.  
 
3.3 Corporate reporting and market behaviour 
When dealing with non-financial reporting, a key challenge is the need for standards to guide 
companies in preparing and disclosing such reports. 
Since 1991, there have been several projects aiming to respond to the need for a standard to 
guide companies in preparing and disclosing sustainability performance. In that year the 
AICPA (American Institute of Certified Public Accountants) established the Special Committee 
on Financial Reporting, known as the Jenkins Committee. This discussion forum was set up 
given the growing demands for an improved corporate reporting model able to analyse users’ 
increasing demand for business information (focusing on investors and lenders), and to 
develop the content of company business reporting to accommodate users’ needs. One of 
the most interesting attempts to improve accounting information comes from the document 
entitled “Improving Business Reporting – A Customer Focus”; commonly referred to as the 
Jenkins Report, it was issued in December 1994. The motivation of the Jenkins Report was to 
address the general dissatisfaction with the model of financial information.  
Nearly a decade later, in January 2003, the American Institute of Certified Public Accountants 
established the Special Committee on Enhanced Business Reporting to take action over 
initiatives that had fallen into oblivion, such as the Jenkins Report. The Committee concluded 
its work in 2005, having brought together a consortium of investors, creditors, regulators, 
managers and other stakeholders to improve the quality and transparency of the information 
used for business decision making. Thus was born the Enhanced Business Reporting 
 




Consortium (EBRC). The Enhanced Business Reporting Framework was published in October 
2005 and was intended to promote greater transparency regarding the strategy and 
performance of businesses. It was based on the materials used to elaborate the value 
reporting model of PricewaterhouseCoopers, which researched the types of information used 
in 16 industries in 14 countries both to manage an organisation (information from the 
manager) and to assess an organisation for purposes of investment. This framework organises 
the disclosure of additional information not currently covered by the Generally Accepted 
Accounting Principles (GAAPs). The EBR Framework recommends companies to disclose 
information on corporate responsibility, from both its main perspectives: respect and 
protection of the natural environment, and commitment to social, ethical and charitable 
principles [30]. In addition, it stresses the importance of information technologies and 
suggests that companies should explain how they ensure that their technologies are 
operating as intended and how the integrity and reliability of information are assured. This 
reporting framework also contains disclosure items related to the analysis of the environment 
and the strategy of the company, combining historical and prospective reporting items. This 
conceptual framework contains four building blocks on which to structure business reports: 
business scenario, strategy, resources/processes and performance. 
Concerning private organisations that have also had a significant influence on enterprises, we 
will mainly refer to AccountAbility, the Global Reporting Initiative (GRI), the International 
Integrated Reporting Council (IIRC)  and the Carbon Disclosure Project (CDP). AccountAbility 
is a global non-profit entity, the purpose of which is to promote innovations in accountability 
that foster sustainable development. The network engages with businesses, governments 
and civil society organisations to advance responsible practices in business and management 
through the cooperation of public and private institutions.  
Chapter 3. Context 
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In 1997, an international organisation based in Amsterdam brought together numerous 
agencies, associations and enterprises to launch the GRI. The GRI is comprised of an extensive 
network of stakeholders, including business organizations, NGOs, universities, etc., which, 
structured through thematic and industry working groups, develops guidelines to promote a 
conceptual framework allowing the continuous improvement of sustainability reporting. This 
standard is based on a conceptual framework that includes a set of principles and indicators 
that organisations must use to measure and report on the economic, social and 
environmental areas of their performance (triple bottom line). At present, over 10,300 
organisations around the world organise the dissemination of information based on the GRI 
guidelines summarising the disclosure under the tenets of GRI [31].   
With the aim of promoting better reporting practices for sustainability, the International 
Integrated Reporting Council (IIRC)5 was created in 2009. It is a global coalition of regulators, 
investors, companies, standard setters, the accounting profession and NGOs. The main idea 
behind integrated reporting is to create a high-level qualitative guideline on how reporting 
should be properly transmitted to the audience regarding the ability of the firm to create 
long-term value, combining performance indicators with data on corporate strategy and 
prospects, in addition to other aspects. The inception of the IIRC is one of the most visible 
initiatives worldwide promoting better reporting practices. The appearance of IIRC into the 
current reporting scene would appear to improve the quantity and quality of reports from the 
engaged firms, but it does not solve the pre-existing heterogeneity and lack of efficiency.  
In 2002, the Carbon Disclosure Project (CDP), an international non-profit organisation, was 
launched as a global initiative to drive corporations to measure, disclose and manage their 
environmental risks and reduce their carbon emissions. The CDP is working with several 
standards such as the GHG Protocol, GRI, and IIRC6 to revolutionise the way in which the 
world’s most powerful organisations report their climate change information.  
  
 
5 IIRC: https://integratedreporting.org/  
6 GHG Protocol:  http://www.ghgprotocol.org/ 
 




Other standards that can be mentioned are the United Nations Intergovernmental Working 
Group of Experts on International Standards of Accounting and Reporting (ISAR) 7, which 
provides voluntary technical guidance on eco-efficiency indicators, corporate responsibility 
reporting and corporate governance disclosure, and the ISO 14000 environmental 
management standard. All these initiatives coexist with pending challenges on the 
harmonisation of regional or national requirements.  
 
From an institutional point of view, three non-binding standards that have also had great 
influence on non-financial reporting are the United Nations Global Compact, the Conventions 
of the International Labour Organization8 and the OECD guidelines 9. The European Union has 
also issued several statements and recommendations on CSR and sustainable development, 
such as the European Strategy for Sustainable Development and the Green Paper on 
Promoting a European Framework for CSR. The most recent one is the European Directive 
2014/95/EU for non-financial reporting which, in 2017, applies to public interest companies 
with more than 500 employees, representing approximately 6000 large companies in Europe. 
This Directive defines a set of information to be disclosed on social, environmental and risks 
matters, and suggests a set of voluntary reporting frameworks to enable compliance [21]. 
 
Following the development of such a number of consortia and guidelines, companies have 
dramatically increased the amount of information disclosed by reporting not only financial 
but also environmental and social issues in longer and more complex annual reports or by 
providing sustainability reports along with the traditional financial data. The main research 
question in this area is whether, after all these efforts, shareholders in particular and 
stakeholders in general are able to gain full advantage of this richer reporting environment 
and to which extent they significantly change market behaviour in a turbulent environment. 
Eleftheriadis and Anagnostopoulou [32], for instance, find a positive relationship between 
climate change and some firms’ factors, but none concerning relevant aspects such as 
profitability or leverage. The effect of environmental reporting on both accounting and 
market variables is still a matter of active international research. 
 
7 International Standards of Accounting and Reporting (ISAR): https://isar.unctad.org/ 
8 International Labour Organization (ILO): https://www.ilo.org/  
9 OECD: https://www.oecd.org/ 
 





3.4 Use of information systems  
All reporting needs to consider the significant technological developments that are changing 
the way that data are used, presented and analysed. 
To enhance the threshold of environmental data utilisation, an organisation must recognise 
that it should further leverage available technologies. By doing so, they can create more value 
for themselves, reporting organisations and society.  
One of the promising domains that is explored in this thesis is how to create impact with 
environmental data through reporting standards, procedures, methods and tools for 
assessing decisions across its disclosure information. Investors, governments, individual 
organisations and cross-sector reporting initiatives have approached corporate reporting 
initiatives, such as CDP, GRI and IIRC, with this interest in mind. 
Significant challenges identified include: 
• The lack of easily accessible corporate data to quickly and accurately inform 
management about material issues, which are pertinent during decision-making 
processes.  
• Unfamiliarity with how sustainable aspects have an impact on financial outcomes 
and vice versa. 
• Inadequate levels of integration of financial and non-financial information within 
the internal performance, strategy and operational frameworks of an 
organisation. 
• A dearth of consistency, comparability, reliability and clarity of climate change 
information emerging from organisations globally.  Standardisation and 
mainstreaming of disclosures need to be facilitated.   
For these reasons, there have been several independent initiatives to try to overcome the 
challenges motivated by this enormous increase of corporate non-financial information 
available online, vaguely supported by the described succession of guidelines and 
frameworks. The AECA’s project is one of these initiatives. 
 




3.5 Corporate reporting initiatives 
The AECA (Spanish Accounting and Business Administration Association, or Asociación 
Española de Contabilidad y Administración de Empresas) is a non-profit scientific and 
professional entity, which was founded in 1979 with the purpose of combining efforts to 
develop a doctrinal body on accounting and business administration. Through the issuance of 
generally accepted principles, rules and best practices following international trends, the 
AECA facilitated the introduction of accounting standards in Spain in the 1980s and 1990s. 
Thanks to this work and to the introduction of the AECA’s Accounting Principles in the 
regulatory frameworks implemented later in Spain, professional accounting and auditing 
practice in Spain has reached international standards. The AECA has been leading various 
international theoretical and empirical studies on financial and non-financial reporting, 
transparency and corporate and public governance. Traditionally, the AECA researches 
business reality in order to illustrate and reinforce the validity of its studies. 
One of the most recent projects promoted by the AECA is the so-called Integrated Scoreboard 
for Financial, Environmental, Social and Corporate Governance information (IS-FESG), for 
which the AECA provides technological support for the generation, transmission and 
processing of integrated reports on the strategic activities and situation of companies by 
means of the use of the Integrated Scoreboard of directly comparable indicators [33]. The use 
of digital standards like XML (eXtensible Markup Language) is intended to promote 
comparability between companies, to increase corporate transparency at the international 
level. In accordance with the AECA’s nature, the Integrated Scoreboard (IS-FESG) is a royalty-
free, open specification to describe business behaviour through a set of indicators available 
for public and private companies and other organizations, regardless of their national 
jurisdiction. 
Solutions like digital standards in this context make information easy to find and access, 
providing the ability to locate individual data points and documents at a company or industry 
level. It could also go beyond the current system by embedding the context at the level of 
individual pieces of data or disclosures. For those purposes, digital standards and semantic 
technologies, such as XBRL (eXtensible Business Reporting Language), which is an open digital 
standard for exchanging business information based on XML, and Linked data appear as 
 




potential solutions for corporate reporting problems. Chapters 7 and 8 are dedicated to 
exploring these solutions. 
One of the most significant contributions of this research has been to make CDP recognise 
open reporting standards such as XBRL to promote a better standardisation and structured 
data of environmental information from companies and a better harmonization with financial 
reporting practices. To help accomplish this, further collaboration with users of corporate 
data was necessary.  We identified what specific additions were needed to increase the 
impact of CDP data while helping users accomplish their objectives. The key to project success 
was to: 
• Identify the solutions that can be addressed; 
• Have a well-defined understanding of the information and processes required to 
provide the solutions; and 
• Provide a clear demonstration of the mechanisms by which the data is gathered 
and information reported. 
In the financial arena, XBRL is already required, around the world, by regulators and 
supervisory agencies. Since 2008, the U.S. Securities and Exchange Commission SEC adopted 
rules requiring public companies and foreign private issuers to provide financial statements 
in XBRL, and publish their financial statements on their corporate website using XBRL SEC, 
2008. Since then, other regulatory agencies around the world have enacted similar mandates. 
In Europe, XBRL is now required for external financial reporting by banking regulators and for 
all publicly traded companies. There is also a relevant gap in the literature on how XBRL can 
be used for other purposes beyond financial reporting schemes. 
In this thesis, we explore the potential use of XBRL to support CDP-related reporting and how 
XBRL can help in the integration of CDP information into the main control systems i.e. financial 
information is commonly supported by XBRL in Europe and other areas. This aspect is 
particularly relevant for a coherent business strategy, as argued by Jansson [34].  
Environmental and sustainability reporting initiatives, including the CDP, the GRI and AECA, 
have initiatives promoting the disclosure and use of their data through XBRL to enhance the 
adoption and impact of their data for decision-making purposes. It means that XBRL is 
 




becoming in the common denominator between financial and non-financial frameworks; in 
other words, in the disclosure and use of corporate information.  
Regarding the status of XBRL projects, these organisations and their reporting frameworks, it 
is relevant to know that: 
• CDP is taking further actions on XBRL, such as updating its annual taxonomies, evolving 
its reporting system, and working more closely with the software community and their 
stakeholders on their use of XBRL as a way to increase the adoption of its data. 
o More information: https://www.cdp.net/en/research/xbrl  
• GRI is an independent international organisation that helps businesses, governments 
and other organisations understand and communicate the impact of business on 
critical sustainability issues such as climate change, human rights, corruption and 
many others. GRI’s vision is to create a future where sustainability is integral to every 
organisation’s decision-making process. With thousands of reporters in over 90 
countries, GRI provides the world’s most widely used standards on sustainability 
reporting and disclosure, enabling businesses, governments, civil society and citizens 
to make better decisions based on information that matters. Since 2014, GRI has 
promoted a pilot program to disclose sustainability reporting using GRI XBRL 
taxonomy. However, as is happening in CDP, they have not yet evolved their systems 
to be able to accept, validate or publish information in XBRL or another open format. 
o More information: 
 https://www.globalreporting.org/services/Analysis/XBRL_Reports/Pages/default.aspx  
 
• Since 2006, AECA promotes good practices in sustainable reporting and management 
to support companies in the disclosure of financial, social, environmental and 
corporate governance information, making those practices valuable for internal 
management and decision-making processes. AECA is distinguished by promoting the 
use of XBRL in non-financial reporting practices and their XBRL taxonomies are 
acknowledged by XBRL International. Currently, AECA is building the first open data 
platform to enhance the adoption of XBRL in non-financial reporting, offering 
advanced analytical capabilities to reporting firms, their stakeholders and general 
 




society. This work includes the collaboration and acknowledgement of several major 
listed corporations along with key regulatory bodies, such as the Bank of Spain, the 
Spanish Security and Exchange Commission and the Business Registers.  
o More information: http://is.aeca.es/en    
Despite these advances in non-financial reporting, the reality is that there is still work to do 
within all of these frameworks, but the provision of XBRL-formatted data concepts allows for 
the creation of direct linkages between financial and non-financial measures. These technical 
mechanisms have a real-world impact: they can directly and demonstrably enhance 
accountability for financial and non-financial reporting alike. 
Although different frameworks are using the standard to different degrees at this point, this 
use is accelerating rapidly, with non-financial reporting experts in agreement that the creation 
and dissemination of reports in digital form will enhance their comparability and utility. More 
detail about our contribution on influencing the practices of XBRL within the CDP and its 
market is presented in Chapter 7. 
3.6 Semantic web and linked open data in the corporate world 
In recent years, the emerging field of data science in industrial and academic arenas has 
brought together specialists and researchers from business, statistics and IT disciplines whose 
work is focussed on a new area: massive and complex datasets in the so-called context of “Big 
Data”. Although the term has gained popularity in recent years, there is ambiguity regarding 
its meaning. “High-volume, high-velocity and high-variety information assets that demand 
cost-effective, innovative forms of information processing for enhanced insights and 
decisions making,” is one of the most cited definitions [35]. As a result, many industries are 
trying to exploit data for competitive advantage [36].  
The problem is that the volume, variety and velocity of data have far outstripped the potential 
of conventional databases and analytical solutions. Traditional data warehousing tools do not 
support the unstructured data sources and the expectation on processing speeds for 
analytics. New technologies are required to tackle this new complexity and exploit the new 
opportunities offered by Data Science.  
 




How to turn corporate data into valuable information to aid in decision-making is one of the 
questions this research is trying to solve.  For that purpose, we agree with Brobst and Rarey 
[37]  on the following fundamental points: 
• Access to the information increases the quality of decision-making. 
• Developing a superior corporate strategy is a fundamental part of success in a 
competitive business environment. 
• The emergence of a vast amount of information, Big Data technologies and data 
science techniques influence the execution of a business strategy. 
How to exchange corporate data have been proposed by various frameworks to define the 
different layers in which interoperability takes place, grounded in the following two goals: 
 
(1) Practical:  the ability to exchange and use information between systems. For example, 
Software as a Service (SaaS) at the application level, syntactic and semantic 
interoperability. 
(2) Organisational: the ability to coordinate organisations for mutual benefit. For example, 
through legal and statutory agreements. 
 
In the particular case of the European Commission [38], the European Interoperability 
Framework is issued to enable effective communication between public administrations in the 
28 member states. This framework is considered key in the future European strategic plans 
towards the consolidation of a unique economy and the Digital Single Market [39]. It covers 
the practical and organisational scopes described above, distinguishing the following four 
layers of interoperability: 
 
(1) Technical interoperability:  it involves the definition of technical specifications to ensure 
the communication between computer systems and services. It includes messaging 
protocols, data formats, security and services descriptions and properties to ensure the 
quality of the information, such as consistency, completeness and reliability. 
(2) Semantic interoperability: it covers the technical mechanisms to define the meaning and 
the relationships between different sources of information, avoiding ambiguous 
 




interpretations (same data, same interpretation).  For example, data dictionaries, schemas 
and taxonomies. 
(3) Organisational interoperability: coordinates the organisational processes to integrate into 
the internal management and strategies. Involves Memorandum of Understanding (MoU), 
and the definition of expected level of agreements. 
(4) Legal interoperability: It implies legal agreements to allow the compatibility between 
different legal conditions in order to access and use information. For example, it involves 
the definition of appropriate privacy terms to cover the needs of different legal 
environments involved. 
 
Given the relevance of this framework in the future of the European economy, and for the 
purpose of this study, we analyse our results in chapter 6 in terms of these four layers. 
 
Thinking more holistically about what could be considered as relevant information from 
companies beyond their own corporate websites, it is common for Data Science applications 
to combine data from different sources. That can be the case when considering the 
interaction between corporate websites and other sources of corporate data, such as social 
media via Facebook, Twitter and LinkedIn, which enable businesses to interact with their 
employees, customers, partners, and other stakeholders. Social media maximises the impact 
of such data by linking or embedding it on third-party sites and allowing collaboration [40]. 
Along with corporate websites, social media and media sharing sites, it is possible to combine 
these datasets with those maintained by the public sector, thanks to the so-called Open Data 
initiatives. Central governments are significant in this respect because as part of their 
transparency agendas they are freely making a large amount of data available [41]. Well-
known examples of these Open Government Data Portals are: data.gov.uk, which is a UK 
government project launched in 2009 to make non-personal UK government data available 
as open data, and data.gov in the United States. Open Data is creating both social and 
economic value by giving away data that was created using public money, and economic 
stimulus is provided from companies building new products and services around the data [42]. 
A part of the intention to control the data published on the Web prior to analysing it, a set of 
best practices for publishing and connecting structured data is in place, so-called Linked Data 
 




[43].  Linked Data connects pieces of related data and information coming from different data 
sources, structuring information and knowledge. Linked Data seeks to ensure that the 
information currently available on the internet can be better read and understood by 
computers, thereby allowing for further exploitation of the data. The adoption of Linked Data 
is a reality in projects such as DBpedia from Wikipedia, which is focused on converting 
Wikipedia content into structured knowledge and linking it to other datasets on the Web [44]. 
Linked Data is also being considered as a key component of Open Data initiatives, particularly 
as a measure of openness. This checks if the licence is open, if the resource links work and if 
the resource formats are open and linked to other datasets. A pilot study examining this 
measure is the openness score developed by the UK Government Open Data site (Figure 9), 
where each dataset is marked with a score depending on its level of openness.  Five stars are 
awarded as the best openness score to datasets in Linked Data format. Structured data in 
open formats, such as CSV and XML, are classified as the second-best score, receiving four 
stars [45]. Social media, Open Data initiatives and Linked Data are important sources for the 
corporate world to promote better, smarter and real time fact-based decisions.  The degree 
to which data and technologies can become a source of economic value is changing the way 
business competes and operates.  These concepts of semantic technologies are further 
explored in Chapter 4, and their adoption for effective corporate transparency are developed 
in Chapter 8. 
 
Figure 9. Openness score at the UK open data portal data.gov.uk [Accessed August 2019] 
 




3.7 Research goals 
Our work is contextualised in the research areas of accounting information systems and the 
semantic web. Furthermore, we provide an advance beyond state of the art in these areas: 
• Regarding Information Systems and their applications, this thesis supports an 
innovation in: 
o Reporting standards to overcome environmental-related reporting challenges 
(Chapter 6). 
o Provenance and accountability of companies, showing how financial and non-
financial data from different sources can be linked to holding companies more 
environmentally accountable (Chapter 6, Chapter 7 and Chapter 8). 
o The use and central development of semantic web technologies to provide 
transparency (Chapter 8). 
o Methodologies to determine alignment between different corporate reporting 
frameworks (Chapter 2). 
• Regarding the sustainability challenges and their accompanying research issues, we 
explore: 
o The role that voluntary reporting initiatives can have on the Environmental 
Information Systems of disclosing firms and consumers of this information 
(Chapter 4). 
o How to reduce the costs of environmental reporting practices and how to increase 
the value of environmental data in specific areas of the companies (Chapters 4 and 
5). 
o How to better understand the link between environmental and financial 
implications (Chapters 5 and 6). 
o The role of interoperability (technical, semantic, organisational, legal) to the 
exchange of environmental and sustainability data/information for better 
accountability (e.g. policy and regulation) and decision making (e.g. within the 
business and at policy level) when it comes to sustainability (Chapter 6). 
 




In summary, for the nature of this EngD programme, this thesis is framed as applicable 
research which is trying to bring answers and solutions to the following goals: 
1) Market understanding on the use and disclosure of environmental data. 
2) How to make environmental data more accessible for users? 
3) How to enable the use of environmental data in combination to financial information 
from companies? 
4) How to support the consistency, analysis and data alignment between different 
reporting frameworks? 
 
All these goals have the objective of improving environmental reporting practices through 








Chapter 4. Literature review and related work 
The IS research community has not paid detailed attention to the role of IS in the field of 
environmental sustainability [46].  In summary, these are the gaps identified in the literature:  
• The lack of easily accessible corporate data to quickly and accurately inform the 
management about material issues, which are pertinent during decision-making 
processes [47] [48]. 
• The lack of awareness of the impact sustainable business practice and reporting can 
have on financial outcomes [49][50]. 
• The inadequate levels of integration of financial and non-financial information within 
the internal performance, strategy and operational frameworks of an organization 
[51]. 
• A dearth of consistency, comparability, reliability and clarity of climate change 
information emerging from organisations globally [52][53]. 
Questions arise regarding how IS can facilitate environmental sustainability in business 
organisations by enabling: 
1) Better environmental reporting processes: data collection, data transformation, 
validation and publication.  
2) An interactive exchange of information between stakeholders.  
3) An efficient data management process, turning information into decisions: collecting, 
storing and processing information by appropriate means. 
 
IS research in the field of environmental sustainability remains in its early stages, more 
focussed on conceptualising and analysing practices instead of giving concrete insights about 
what challenges and problems exist to move from reporting practices to major actions of 
environmental sustainability. In general, this work is concentrated on providing those detailed 
insights in order to be relevant for academics and practitioners who are building IS for the 








4.1 About CDP and its theory of change 
In 2002, the Carbon Disclosure Project (CDP), an international non-profit organization, was 
launched as a global initiative to encourage corporations to measure, disclose and manage 
their environmental risks and reduce their carbon emissions. CDP’s theory of change proposes 
solving some of the world’s most pressing problems by enabling transparency on businesses’ 
environmental impact—and the impact of the environment on businesses— through 
appropriate information flows. Namely, information must go from firms to a broad set of 
stakeholders, thereby enabling users to make better decisions.  In turn, this helps to ensure 
the long-term sustainability of both the firm and its environment. 
 As mentioned in Chapter 1, CDP works with influential market players, including 827 
institutional investors with assets of US$100 trillion. CDP encourages companies and cities to 
disclose their impacts on the environment and natural resources and act to reduce them. For 
that purpose, CDP runs a global disclosure system that enables companies, cities, states and 
regions to measure and manage their environmental impacts by means of one of the most 
comprehensive collections of self-reported environmental data in the world. CDP specifically 
proposes three objectives to achieve environmental sustainability: (1) reducing greenhouse 
gas (GHG) emissions; (2) reducing water scarcity; (3) and preventing forest destruction.  CDP 
collects data from large corporations, SMEs and cities through its climate change, water and 
forest programmes, and offers tools and services to facilitate the use of its data. For each 
programme, a questionnaire is sent to companies on behalf of institutional investors that 
endorse CDP’s work and support the disclosure requests of each programme.  
 As a result, CDP now holds the largest global collection of information on primary climate 
change, water and forest risk commodities, and puts these insights at the heart of strategic 
business, investment and policy decisions. Over 5,600 organizations, including 81% of the 
world’s largest public companies, now use CDP to disclose vital environmental information to 
investors and major purchasers [54]. Through their offices and partners in 50 countries, they 
are considered a major global actor in non-financial reporting. 
 




4.2 CDP in the literature 
CDP is considered differential in the data market for growing a unique database with 
environmental information from companies and cities [55].  In its organisational role, CDP 
represents a dialogic engagement initiative that facilitates the environmental disclosure by 
companies and cities with institutional investors [56]. It serves as a corporate governance 
mechanism for shareholders to influence the firm’s environmental disclosures [55][57], as 
CDP is an influential player that enables a closer collaboration between different 
stakeholders. Operationally, it is characterised as reducing the asymmetry of environmental 
information, enabling comparability and a greater level of uniformity of environmental data 
due to CDP not only assessing companies on environmental disclosure, but also collecting 
environmental information directly from companies [58]. 
4.2.1 CDP strategy 
The strategy followed by CDP to encourage participation is considered a new stage in the 
evolution of shareholder activism where investors pressure firms to disclose environmental 
information [59][60]. The combination of pressure and shareholder activism is the strategy 
that CDP uses to influence a firm’s environmental disclosures [57]. This strategy seems to 
work according to Wegener [59], who state that CDP’s potential success is to encourage 
companies to disclose environmental information with the expectation of renegotiating 
emerging social and environmental issues [56].  However, Andrew and Cortese [58] criticised 
this strategy followed by CDP, accusing it of being a “green capitalism initiative”, with a sole 
concern for investor interests, showing a lack of real benefit to the general public. 
 
4.2.2 The influence of CDP through its reporting initiative 
Most authors agree on CDP’s success in generating more voluntary environmental disclosure 
[58][61][62][63]. Wegener et al. [64] argue that, for the reporting firms, CDP may represent 
an inexpensive means to gain positive publicity by enhancing their “green” credentials. 
However, Lydenberg [65] argues that the absence of mandatory reporting suggests that 
environmental matters are not a priority for organisations themselves, and therefore 
investors assume that the information related is not being adequately managed by 
 




organisations. On the other hand, Andrew and Cortese [58] defend CDP as a mechanism of 
influence for regulatory regimes to try to meet stakeholders’ expectations. They explain that, 
“There is no doubt that the CDP will influence emerging mandatory and self-regulatory 
regimes because the repository is a source of significant information that can be used by 
policymakers, educators, academics, investors and creditors”. Nonetheless, the authors 
highlight a lack of reliability with regards to the information managed by CDP, given the fact 
that the project is not mandatory and companies can omit information or request their 
responses not be made public. The authors conclude that the lack of policies to make the 
reporting process to CDP compulsory has a real impact on the consistency and reliability of 
the information disclosed by the firms.  
4.2.3 The influence of CDP data approach to create impact in the market 
Looking further into the role of CDP with regard to environmental reporting practices, it is 
relevant to note that studies identify CDP as an initiative that promotes the standardisation, 
uniformity and centralisation of environmental data. In addition, it also encourages the 
harmonisation of methodologies to calculate environmental performance in order to enable 
the analysis and comparison of this information, informing the companies and their 
stakeholders’ interests and concerns related to these matters [58][66]. Thanks to this 
integrated approach, CDP is considered an important driver for companies to improve the 
quality of their environmental reporting practices [58][67][68]. The improvement of data 
quality has a direct effect on the meaningfulness and usefulness of the information, which 
has been pointed out as a key influence on decision making in daily operations [69]. The ability 
to compare, manage, monitor and measure environmental data is recognized by Rankin et al. 
[61] as the main benefit of CDP. According to Andrew and Cortese [58], the benchmarking 
opportunities provided by CDP data encourage companies to measure and improve their own 
performance.  
 
Despite these well-known benefits of CDP’s data quality and reporting process, other authors 
find the quality, usefulness and comparability of the data fall short of its desired goals [63]. 
For example, despite the information centralised by CDP, it is difficult to compare due to lack 
 




of common methodologies to calculate certain factors as well as the lack of precision and the 
limited level of assurance. 
4.3 The role of information systems in environmental sustainability 
Companies require solutions to support their corporate reporting practices and obligations. 
They need systems to respond to social and environmental challenges, reducing their impacts 
and strengthening their business in the long term, beyond required rules and regulations. 
Likewise, their stakeholders need better ways to consume and use the business information 
to make more well-informed decisions. If companies fail to meet those challenges, they are 
at risk of being driven out of the market [70]. 
 
“Business needs …. long-term approach towards maximizing inter-temporal profits, an 
active stakeholder management process, and more developed measurement and 
reporting systems.”[70].  
 
Several research projects regarding Information Systems10 (IS) investigate how the 
presentation of information can influence environmental sustainability actions 
[71][46][72][126].  For instance, what should be the content and form of corporate 
environmental reporting information, and what types of information are critical to promoting 
environmental measures and decisions?  IS in the field of environmental sustainability is 
characterised by: 
1) Providing the necessary information and tools to integrate environmental 
sustainability aspects into business operations and decision-making processes [127]. 
For example, proper use of analytical tools and realiable environmental information 
from companies are important to ensure that key stakeholders such as investors, 
governments and general society are aware of their environmental impacts and 
actions. Otherwise, they will be not able to provide the necessary actions and 
commitments . 
 
10 An information system (IS) is a combination of people, processes, and technologies that enables the processing of digitised information. 
 
 




2) Ensuring an organisation’s reporting practices comply with laws and regulations, and 
act as a resource for internal management and new market opportunities [128].   
 
In this context, Melville [72] developed the belief–action–outcome (BAO) framework to 
demonstrate the critical role that IS can play in shaping sustainable practices in organisations, 
providing the foundation to enable processes and new practices in support of belief 
formation, action formation, and outcome assessment (Figure 10).  The BAO framework is 
presented as a solution to boost the adoption of IS for environmental sustainability and 
provide a better understanding of critical issues. Regarding CDP, it plays a role in collecting 
and exchanging environmental information, but it is lacking with regards to providing 
practices and IS processes to enable better analysis, monitoring and ease of integration of its 
information in decision-making systems.  
 
Figure 10. Belief-Action-Outcome (BAO) Framework for IS Research on Sustainability 
 
 
In addition, within the IS literature are models based on institutional theory that focus on the 
process by which certain ways of thinking and doing become accepted practice or embedded 
in institutions [73].  Adela et al. [74] in particular found this theory useful for describing how 
IS could contribute to environmental sustainability in organisations.  In fact, the authors 
developed a conceptual model based on institutional theories to understand how IS can 
influence human actions in environmental sustainability under different institutional 
pressures: driven by competitive pressure with other organisations (mimetic), cultural 
expectations (normative) and governmental laws and regulations (coercive) (Figure 11). With 
 




regards to CDP, they considered these institutional theories at the organisational level but 
the integration with IS was lacking to create real impact on data-based decisions.  
 
 
Figure 11. Conceptual model of IS and ecological sustainability 
Although these studies call for new ways of examining the roles of IS in organisations, 
challenges remain regarding the quality, reliability and relevance of the existing 
environmental data. Thus, reporting practices do not meet the demands of stakeholders 
because there are several deficiencies regarding the quality, reliability and comparability of 
this information [75], and there is a lack of adequate IS for engaging stakeholders with this 
information.  In fact, most of the application-orientated studies conclude that current IS 
adopted by organisations are not designed to capture social and environmental data, and 
they do not support the data management of all the sustainability dimensions [76]. 
 
The following two sections introduce background about corporate disclosure—theories, 
motivation, opportunities and continuing challenges—as well as the evolution of reporting 
standards. In this respect, we focus our attention on the case of CDP as a voluntary reporting 
initiative and as a claimant for better environmental information systems in the context of 
reporting and management. 
 
4.4 Corporate reporting over the internet 
In areas where the Internet is widely available and there is a large number and variety of 
stakeholders, business reporting has evolved rapidly to include a great amount of content. 
This now involves not only the corporate website of the firm itself, but also content produced 
 




by information agents such as journalists, analysts, rating agencies, governmental agencies, 
environmental organisations, scholars, customers, etc.  This links with the concept of 
corporate dialogue [77], understood as a new situation in which the company offers its 
stakeholders the possibility of analysing the company’s public information and activities.  
These stakeholders are then enabled to express their own opinions publicly in the same 
virtual space. This ideal situation can be a reality due to enhanced corporate websites and 
social network sites (SNSs). The corporate dialogue can be understood as a continuation of 
the traditional corporate disclosure policy, as it implies more dynamic reporting, a 
combination of mandatory and voluntary information and a more participative way to present 
and analyse company information (Figure 12).  
The modern-day online scenario is characterised by a huge offer of corporate data, but a 
significant asymmetry exists: it is unlikely an analyst can efficiently process such large 
amounts of complex data.  Reducing such a gap through Data Science is then justified.  
 
 
Figure 12. Corporate dialogue as an incremental step from traditional online disclosure 
 
The platform in which this corporate information can be found has also undergone a profound 
transformation, from periodic paper-based reports to multiple dynamic datasets on the 
company’s website containing HTML, PDF, XML, XBRL, spreadsheets and other formats; 
official repositories of financial reports; spaces in social network sites; or shared video and 
 




audio content.  This data can be relevant to make informed decisions and assess the situation 
and behaviour of a given company, its results, its image and online reputation. 
 
4.5 Technologies for corporate reporting: XBRL and Linked Data 
 
The current landscape of environmental sustainability data from corporations lacks digital 
standardisation and connectivity, so we will explore XBRL and Linked data technologies to 
address both. 
4.5.1 Data Standardisation - XBRL 
Research on corporate transparency remains relatively scarce. However, academic studies 
show that there is interest in using information technologies in sustainability reports, at least 
in part to guide investment decisions [78]. Cohen and Santhakuma [79] recognise that 
reporting obligations could go beyond having just economic impact.  
There is a growing amount of literature regarding the methods and format in which this 
reporting is disclosed. The pioneering book One Report by Eccles and Krzus [80] introduces 
the idea of using websites for reporting: not just as containers for PDFs, but enabling users to 
interact with the reports in a much more sophisticated way: 
“When the Web is used to provide information, much higher degrees of integration is made feasible. 
Not being limited to the linear nature of the paper format (…) Every piece of business information (…), 
tonnes of carbon emissions (…) can have an electronic tag (called metadata) that enables access to this 
information”. (Eccles and Krauz, 2010:191) 
Accordingly, one of these new forms of reporting is based on the use of metadata languages 
that add electronic tags to every relevant piece of published data, allowing for automated 
digital treatment. XBRL (eXtensible Business Reporting Language) is mentioned by these 
authors as one of the most extensively acknowledged standards for that purpose, widely used 
at the international level to support the reporting of regulated financial information, but just 
recently considered for non-financial data transmission. Several authors draw attention to 
the advantages of new forms of communication technologies, in particular for reporting 
standards like XBRL [81]. 
 




The main idea behind XBRL is standardisation. A single taxonomy is created for a specific rule 
or guideline (i.e. IFRS, US-GAAP, GRI, EMAS, CDP, etc.) and its corresponding statements and 
reports. The taxonomy is where the rules and data definition is stored, and it is comprised of 
a set of elements (e.g KPIs) and all the presentation, calculation and logic rules that operate 
according to that rule or standard. Once created, the XBRL taxonomy is made public as an 
open remote resource on the Internet. Then, for a specific firm, the proprietary software can 
create an XBRL instance (the report itself), containing the concrete facts and figures for a 
certain period. The XBRL instance can be checked against the taxonomy by all parties (e.g. 
reporting entity, a regulator, or even the public) in order to guarantee its validation. The 
creation of an XBRL taxonomy implies the agreement of all interested parties. When applied 
to financial information, the XBRL working groups involve regulators, IT experts, academia 
and industry; this was also the case for non-financial guidelines like GRI and CDP.  
Once the taxonomy is public, the reporting entity must adapt their pre-existing systems to be 
able to prepare and publish such an XBRL report.  There can be multiple final destinations for 
the report: the corporate website, an official reporting platform or repository, etc.  Once in 
XBRL, business facts are much more accessible to different types of applications for data 
analysis, allowing users to make quick calculations, ranking and comparisons. The reporting 
entity itself can also benefit from this digital format for consolidation or internal auditing 
purposes. Arndt et al. [82] explored the use of XBRL for environmental reporting in the 
context of the Global Reporting Initiative (GRI). The authors defined XBRL as the language 
which specifies the syntax of a report and can be defined as a number of report concepts, as 
well as its respective contents. According to the framework approach, reports consist of two 
levels: XBRL instances and XBRL taxonomies. The environmental report can be understood as 
an XBRL instance, and the XBRL taxonomy is the set of minimum content and business 
relationships that the data contained in the environmental report (instance) must respect. 
Hřebíček et al. [83] find the use of XBRL to be essential for GRI reporting in particular, as long 
as the use of tags is linked to the definition, reporting and transmission of Key Performance 
Indicators (KPIs) in the economic, social, environmental and corporate governance arenas.  
The aim of XBRL is to improve the communication of financial and business information, 
facilitating the exchange of the information and validation by disclosers and users, thereby 
 




enabling better decisions through an open standard [84]. XBRL is preferred as a standard 
format by regulators and by companies that use it on a voluntary basis [85]. XBRL is being 
applied with greater frequency for non-financial data, e.g Global Reporting Initiative G3 
guidelines [86] and CDP.  
The XBRL Consortium and its several Working Groups are the organisational structure whose 
mission it is to create each specific XBRL taxonomy; this interdisciplinary group, where experts 
in the domain and in the technology work to form consensus on which specific concepts 
should appear in the corresponding standardised report and which business rules apply, help 
clarification and interpret abstract rules. That was the case for the International Financial 
Reporting Standards (IFRS) and the United States Generally Accepted Accounting Principles 
(US-GAAPs), for financial reports, Basel III for solvency reports, GRI G4 and so on.  
Despite these developments, the wide application of XBRL was not certain and it experienced 
some obstacles in different regulatory and industry contexts.  Troshani and Rao [87] identify 
environmental, organisational and technology factors that apply to the challenges of XBRL 
adoption and dissemination. For example, there is very limited software support for XBRL 
data consumption, and unfortunately XBRL’s proprietary tools lead to vendor lock-in.  This is 
likely motivated because the majority of generated XBRL data is private and non-accessible, 
and only can be consumed by regulators or supervisory entities. From a technical perspective, 
XBRL has evolved to support both global regulatory environments and emerging domains 
such as sustainability reporting. The flexibility needed to do this has resulted in difficulties 
with regards to standardisation. This is primarily because of the diversity of technical 
implementations produced by different modelling practices during the taxonomy 
development phase.  In Chapter 8, we explore how our work has contributed to solving some 
of these challenges to enhance and improve corporate transparency. 
Janvrin and Won [88] also studied the issues surrounding XBRL implementation, in particular 
the extent to which companies are prepared to implement XBRL, and whether software tools 
and guidance exist to help preparers through the process of creating XBRL-related 
documents. Through this process, four factors were revealed as worth monitoring to 
influence the spread of XBRL in business environments: management support and 
involvement, implementation approach, organisational readiness or expertise, and control 
 




over the XBRL reporting process [88]. Thus technical as well as organisational and managerial 
topics must be taken into account when implementing XBRL for reporting. The extent to 
which a certain working environment is appropriate for XBRL reporting procedures is still a 
key issue.  In Chapter 7 we explore these topics with regards to the role that XBRL can play in 
climate-related reporting. 
4.5.2 Data connectivity - Linked Data 
In our interconnected world, the information and the technology that enables its generation 
and transmission are critical. In fact, all companies that compete and collaborate both locally 
and internationally need an adequate channel of communication with their various 
stakeholders, including investors, customers, suppliers, employees, governmental agencies, 
and even the general public. The Internet and the extensive use of corporate websites is the 
preferred medium to support this communication. The need for interaction between a 
company and its diverse stakeholders has also led to the adoption of Web 2.0 technologies 
and social networking sites (SNSs) as a method of communication.  
A variety of data can be found on the Web, which is accessible in different formats such as 
Excel spreadsheets, images, videos, etc.  While humans can easily access this data, it is difficult 
for computers to understand because the information and data presented do not provide 
further details about its content and context.  In recent years the Web has evolved from a 
global information space of linked documents to one where documents and data are linked. 
Underpinning this evolution is a set of best practices for publishing and connecting structured 
data on the Web, known as Linked Data [43] .  Technically, Linked Data is the sum of good 
practices for publishing data on the Web, RDF (Resource Description Framework) and 
vocabularies.  
 
RDF is a standard for describing resources on the web. It permits the representation of 
relationships between data in triple format; object, subject and predicate, by means of three 
elements:  
• Resources: the things being described.  
• Properties: the relationship between things.  
• Classes: the buckets used to group the things.  
 





A vocabulary is a collection of terms to describe more properties and classes [89]. There are 
currently more than 600 vocabularies available11, which can be used to model a Linked Data 
structure (Figure 13).  
 
 
Figure 13.Linking Open Data cloud diagram 2017, by Andrejs Abele, John P. McCrae, Paul 
Buitelaar, Anja Jentzsch and Richard Cyganiak 
 
The set of vocabularies is centralised by the Linked Open Vocabularies (LOV) initiative and it 
was adopted as an official project by the Open Knowledge Foundations in 2012 [90]. LOV is 
an essential resource for any Linked Data developer, as it enables searching the adequate 
vocabularies depending on semantic needs. The fact that a Linked Data architecture is valid 
 
11  Linked Open Vocabularies: http://lov.okfn.org/dataset/lov/vocabs [Accessed August 2019] 
 




to use more than one vocabulary, and there are more than 600, represents an opportunity to 
express a large range of relationships between terms. The number of vocabularies indexed by 
LOV is constantly growing thanks to the community’s effort.  
What can Linked Data offer in the area of corporate reporting?  Good practices for publishing 
information on the Web, RDF and a significant number of vocabularies indexed by LOV.  There 
are several governmental initiatives that use the Linked Data approch for publishing 
environmental data, such as: 
• The German Federal Environment Agency for publishing Environmental Specimen 
Bank and the Semantic Network Service (SNS) [91]. 
• The UK Environment Agency12 for publishing bathing water and natural resources data 
in the UK. 
In Chapter 8 we refer to more research on the use of Linked Data and the semantic web for 
industrial and public sector reporting. 
In our study, vocabularies and Linked Data principles are used as a solid technology to 
represent and publish corporate data on the web and enable better performance analysis of 
sustainability, primarily connecting data that have something in common. In this way, more 
contextual knowledge can be included in sustainable data.  These ideas are supported by 
Cayzer and Preist [92] where, according to the authors, “Sustainability data does not stand 
alone. Rather, in order to interpret and use this data in a principled manner, one needs a 
considerable amount of contextual knowledge. Context is the surrounding information that 
is needed to make sense of a figure.” 
In Chapter 8, Linked Data is applied as a solution for publishing financial and environmental 
reports connected with existing company information in the Web, overcoming the limitations 
in corporate reporting for having this information in a disconnected manner. 
4.5.3 Standardisation and Data Connectivity working together 
Previous efforts to make XBRL data more interoperable with other data sources and formats 
have used RDF and OWL ontologies, as well as linking and publishing solutions. The majority 
 
12 The UK Environment Agency open data portal : http://environment.data.gov.uk/index.html  [Accessed 
August 2019] 
 




of these base their examples on transforming financial XBRL taxonomies models into RDF 
from well-known open government data initiatives, such as XBRL filings available from the 
SECs EDGAR program. However, none of these studies covers the full XBRL specifications 
including XBRL 2.1 and Dimensions 1.0. In other words, these studies do not offer a general 
solution to convert any XBRL report to RDF. For example, Garcia and Gil [93] propose a 
solution to transform XBRL filings available from the EDGAR program to RDF. Their approach 
is generic to the XBRL 2.1 specification: simple items, scenarios, segments and tuples data 
structures. They use US-GAAP reports from 2006 as a case study, which do not use 
Dimensions 1.0 specification. On the other hand, Kampgen et al. [94], propose RDF Data Cube 
Vocabulary to model XBRL reports as a multidimensional dataset. They exemplified their 
methods by using 2009 and 2011 US-GAAP reports, whose taxonomy uses XBRL 2.1 and 
Dimensions 1.0 specification. However, it is unclear how that solution can be generic to other 
dimensional taxonomies and how the ontology proposed covers tuples, simple items and 
contextual information modelled with scenarios and segments. There is an experimental 
initiative, called the Edgar Linked Data wrapper13, that provides access to XBRL filings from 
the SEC as Linked Data. The approach is to publish US-GAAP taxonomies into RDF as 
vocabularies. In fact, each new US-GAAP taxonomy version means a new semantic 
vocabulary. This represents a solution to convert US-GAAP reports into Linked Data, but it is 
not a solution for any other type of XBRL reports, such as CNMV reports. Closer to the 
sustainability domain, Madlberger et al. [95] presented an ontology-based approach using 
GRI-XBRL taxonomy to build a Corporate Sustainability ontology. However, the result is a 
content-based approach instead of a metadata conversion, meaning that the solution 
proposed is not generic to transform any XBRL report to RDF, only GRI reports to RDF. 
 
Authors agree that there are some limitations when representing XBRL data in RDF graphs 
and as Linked Data due to the lack of formal semantics and inference mechanisms, and there 
are also difficulties finding correspondences with well-known vocabularies (SKOS, FOAF, etc.). 
Furthermore, complete architectures for evolving information systems enabling a better 
financial data integration using Linked Data are proposed in Goto et al., [96] and Kampgen et 
al. [94]. Basically, these solutions integrate XBRL financial data with DBpedia and 
 
13 Edgar Ontology Central: http://edgarwrap.ontologycentral.com/  [Accessed August 2019] 
 




Yahoo!Finance Web API. For the purpose of this study, we also consider their requirements 
necessary to boost effective corporate transparency: 
• To break the barriers which hold XBRL data in isolated data silos of information and vendor 
lock-in of proprietary XBRL tools; 
• To reach a better level of data coverage and data quality; and 
• To facilitate a comprehensive picture of company performance. 
 
We distinguish our study from previous work by proposing a solution in chapter 9 to enhance 
an effective corporate transparency, increasing the adoption of financial and non-financial 
data and generating impact on decisions. Our central thesis is that in order to create that 
impact, two components are necessary: (1) Foster interoperability across economic, social 
and environmental data published in XBRL format and others; and (2) better integration of 
these combined data in information systems that are part of the decision-making processes 
of companies, their stakeholders, regulators and supervisory entities. In order to turn 
corporate data into valuable information for decision making, we focus on the following tasks: 
• A generic ontology to transform any XBRL report into Linked Data. 
• Interlinking with existing data available in the LOD cloud. 
• Data publication via SPARQL (Protocol and RDF Query Language) query endpoint. 








Chapter 5. Stakeholders’ study:  the needs for achieving 
environmental sustainability 
This chapter analyses the role of IS in the field of environmental sustainability, from disclosure 
firms to the corresponding effect on key stakeholders. CDP is a particularly relevant case study 
for these purposes. This chapter is trying to answer our first objective “Market understanding 
on the use and disclosure of environmental data”. 
 
One of the most interesting and important elements of this chapter is its attention to the 
different stakeholder groups and the analysis on market behaviours with regards to corporate 
reporting. Interviews were conducted with 21 CDP members, including companies, investors, 
governments, academics, NGOs and software/data providers.  The results show clear needs 
to (1) collaborate more actively in environmental initiatives, (2) gain access to a larger and 
more diverse environmental dataset and (3) have innovative IS solutions to support data 
quality, data interoperability, accessibility, analysis and visualisation. 
5.1 Introduction 
Environmental degradation—such as air and water pollution and deforestation—is a serious 
problem, and one which is often attributed to industrial sources.  As a result, companies are 
under pressure from consumers, investors and governments to take responsibility for their 
environmental and societal impacts.  Therefore it is necessary to make fundamental changes 
to how business is conducted in order to mitigate and minimise its impact.  We refer to this 
as a business transformation [97].  Our central thesis is that such change can significantly 
counter environmental degradation, particularly improving the way companies and their 
stakeholders make decisions considering corporate information. Timely and accurate 
information can reduce uncertainty and allow decision makers to quickly and continually 
adjust activities in response to environmental changes as soon as they occur [98]. 
 
The details of environmental impacts of modern corporations are increasingly made public 
through corporate sustainability reports and other venues. The drivers for this include 
regulatory compliance, reputation enhancement, meeting investor demand for performance 
 




information, and fulfilling a commitment to demonstrate an ethical position to stakeholders. 
The disclosure of environmental information is mainly influenced by: 
(1) New regulations, which define compulsory corporate information to disclose, including 
environmental aspects. An example is the European Directive 2014/95/EU for non-
financial reporting, which in 2017 applies to public interest organizations with more than 
500 employees, representing approximately 6000 large companies in Europe. The 
Directive defines a set of information to be disclosed and suggests a set of reporting 
frameworks to help to comply with it, such as the Eco-Management and Audit Scheme 
(EMAS) and International Organisation for Standardisation's (ISO 26000).  How to apply 
the Directive is a responsibility at national level: the Directive has to be adapted by each 
EU member into local legislation and no later than December 2016. 
(2) Global agreements on climate change, with initiaties like the Paris Agreement that seeks 
to keep the increase in the global average temperature below 2°C, as a result of the United 
Nations Framework Convention on Climate Change [99].   Nearly 200 nations signed it, 
and it is the responsibility of each government to decide which measures to impose to 
reach such targets.  
(3) Voluntary reporting initiatives, which help companies to support their reporting practices 
by identifying relevant information to disclose and manage. An example of voluntary 
frameworks for sustainability reporting is the Global Reporting Initiative (GRI) and Dow 
Jones Sustainability Index (DJSI), and CDP, which only focuses on environmental concerns. 
The latter is the primary focus of this study. 
 
The objective of this chapter is to identify the role of IS in environmental sustainability and 
the socio-technical properties that can have a significant influence on the IS of a diverse range 
of stakeholders, from the disclosure of information to the subsequent management. CDP has 
been selected because it runs a global disclosure system that enables companies, cities, states 
and regions to measure and manage their environmental impacts by means of one of the 
most comprehensive collection of self-reported environmental data in the world.  Thus, it can 
potentially influence an organisation’s business decision-making processes and daily 
operations. In other words, boost the business transformation by improving the way in which 
decisions are made.   
 





5.2  Background  
This work mostly relies on Elliot’s framework [97] for IT-enabled business transformation to 
evaluate the role of IS initiatives in mitigating business-related environmental impacts. 
Particularly, how IS could increase process efficiencies and information effectiveness towards 
better decision making.  
 
Elliot [97] presents a socio-technical system where the IS are the central solution to improve 
the environment by supporting the exchange of information and knowledge between firms 
and their stakeholders (Figure 14).  By doing this, IS are allowed to change human behaviour 
by taking more actions and decisions considering environmental impacts. To reduce 
environmental impacts, it is not only necessary that companies take certain actions, but also 
that firms and their stakeholders (society, government, industry and alliances, organizations 
and individual groups) adopt an integrated approach sharing understanding and activities, IS 
innovation and research. This integrated idea is shared by CDP’s theory of change through the 
engagement of influential market players and the incentivisation of better environmental 
decisions and actions through its focus on transparency and disclosure.  
 
Figure 14. A socio-technical system to impact on environmental sustainability by Elliot [97] 
 
 




Pressure from stakeholders influence companies to adopt more sustainable practices and 
inform a company’s decisions and actions. Thus, companies need to develop Information 
Systems able to monitor, analyse, collect and exchange environmental information. This 
model identifies five groups of stakeholders as the principal contributors to environmental 
impacts and IS are placed as the central mechanism to support communication among 
stakeholders, allowing them to share their understanding of environmental challenges in 
order to change human behaviour to take more actions and decisions considering 
environmental impacts. IS are also considered as the instruments to monitor and evaluate 
that behaviour, enhancing the awareness of environmental impacts.  
 
Elliot’s  framework is developed along with a set of holistic hypotheses. Seeking to explore 
the relationships between humans, human behaviour, the environment, and technology, the 
author highlights that it is important to examine the different mediating and moderating 
effects of technology (including IS) on the natural environment. 
 
After the literature review presented in Chapter 4, our understanding is that IS research tends 
to limit its focus to business organisations without fully considering the perspective, needs 
and interactions of other stakeholder groups. This chapter concentrates on providing a 
broader stakeholder perspective. 
 
5.2.1 CDP as an environmental reporting system 
In order to understand and contextualise some of the results of the study and discussions, 
certain processes of CDP are clarified below, notably the climate change questionnaire14, 
disclosure and scoring processes.   
 
The climate change questionnaire requests quantitative and qualitative information about a 
company’s: 
(1) Carbon emissions, to measure the impact of the company on the environment; 
(2) Strategy and governance structures; 
 
14 Climate Change questionnaire: https://www.cdp.net/en/guidance [Accessed August 2019] 
 




(3) Risks and opportunities, as a reflection of the level of awareness to climate issues; and 
(4) Management actions to mitigate risks, negative impacts and potential opportunities. 
 
Every year CDP uses public consultations through online questionnaires and industrial focus 
groups sessions to identify the information considered as critical to making changes in 
business operations, environmental policies and society behaviour in order update the 
questionnaires with more relevant information. 
 
Beyond managing the content of the questionnaires, collecting and centralising the data, CDP 
is also responsible for scoring each response according to their scoring methodologies15. 
These are publicly available to ensure complete transparency. The scores measure two things: 
(1) the level of disclosure, and (2) the performance of each organisation that has responded. 
The disclosure score represents the level of transparency, which is the result of evaluating the 
number of questions answered and the depth and breadth of each answer. This score is 
normalised to a 100-point scale, and when the disclosure score is greater than 50, the 
performance score is calculated.  The performance score measures the level of awareness, 
implications and quality of each response, represented by a letter from A to E.  
 
Through its scoring methodology, questionnaire management, tools and data centralisation, 
CDP is recognised as one of the leaders in the environmental reporting landscape, offering 
expertise, transparency, information and mechanisms to generate environmental awareness 
in business and investments.   
5.3 Research questions  
Given the main goal of this thesis, we consider IS as the foundation on which to build potential 
solutions to reduce environmental degradation by facilitating better internal management, 
decision-making processes and more actions from: 
 
o Local and global governments, who introduce new policies and measures to incentivise 
the reduction of negative environmental impacts on cities and businesses. For instance, 
 
15 CDP Scoring Methodology:  https://goo.gl/gtPZpe [Accessed August 2019] 
 




making new policies to control energy consumption and pollution emissions by allowing 
access to improved data.  
o Investors, who consider environmental data as part of their investments analysis. 
o Businesses, influencing their strategies and decisions. For example, investing in suppliers 
with better environmental strategies or reducing the energy consumption in offices 
and/or product development processes by having real-time control of the energy 
consumption and water waste through sensors [100]. 
o The general public, in their day-to-day decisions. For instance, offering information about 
the level of environmental impact in dairy products, controlling energy consumption and 
water waste at home using sensors, providing real-time information about air pollution in 
cities, etc.    
 
In alignment with the multidisciplinary model proposed by Elliot [97], we are seeking to 
investigate the use and effectiveness of environmental information among different markets 
and societies. By gaining a clearer understanding of current drivers and applications of 
environmental information and practices, and framing the complexity of decision-making 
processes among stakeholders.  In particular, the evaluation of certain stakeholders and 
technology hypotheses proposed by the author were included in this study. 
 
The research questions take into consideration the role that CDP offers as a relevant case 
study to explore environmental information systems within a network of actors—disclosers, 
providers of systems, users of data and other interested parties—in the context of reporting 
and management.  
 
Considering the main goal of this study, the place of IS according to Elliot’s framework [97] 
and the role of CDP, we propose the following four research questions for this qualitative 
study:  
 
RQ1. What are the drivers of the Environmental reporting practices? 
 
 




This research question seeks to generate two different lists from the participants. One is 
explanatory factors that motivate stakeholders to disclose and use environmental data, and 
a second will detail the dependency factors, identifying how CDP can become more relevant 
to decision-making processes. This enables us to identify why companies disclose their 
environmental performance to CDP, and why companies and their stakeholders use that data.  
 
RQ2. What is the level of detail of environmental information required for stakeholder’s 
decisions?  
 
To address the second research question, we frame the complexity of decision-making 
processes, asking to identify three aspects: the volume of data, frequencies and data format 
consulted by the experts for their relevant decision-making process. This allows the relevant 
properties of information that the participants are using to be recognised, and the 
dependencies with other sources of information. The classification of complexity is built on 
the idea of the 3Vs (volume, velocity and variety), coined by Gartner [101], which defines the 
attributes of a Big Data problem. That approach facilitates the synergy with innovative IS.  In 
addition, it tries to solve one of the key issues of uncertainty highlighted by Elliot [97]: What 
is meant by environmental sustainability? 
RQ3. How to make environmental data more accessible to users?  
 
Unlike the previous two research questions, the third question asks experts about their 
recommendations regarding data practices to extend the utility of environmental data among 
stakeholders. It affords us the opportunity to understand how companies and their 
stakeholders are using environmental data and other datasets, their frustrations with the 
status quo and ways to improve current practices. Also, aligned with key issues of uncertainty 
identified by Elliot [97]: What are the major challenges? 
 
RQ4. How IS could support environmental reporting challenges and opportunities? 
We address the fourth research question in order to generate a list of IS requirements and 
those desired to enhance the use and utility of CDP.  We should be able to address it looking 
 




at the results of RQ1, RQ2 and RQ3. It is aligned with the last two key issues of uncertainty 
addressed by Elliot [97]: What is being done about these challenges? and What needs to be 
done? 
These research questions were selected as the framework to structure the interviews because 
of the focus on obtaining a better understanding of where the value of environmental aspects 
lies. The idea is to identify practices, potential challenges and barriers to confront to change 
behaviours and achieve environmental impact. 
A list of interview questions can be found in Table 2.     
   
List of interview questions             
Section 1. Considering CDP data  - Why?             
1.  Broadly, for what purpose do you use CDP data?           
2  What analysis or decision making does your use of CDP data support?         
Section 2. Understanding decision-making needs  -  What?         
3.  What CDP data do you use, and how often do you use it?           
4.  What other data do you use alongside this to support your analysis/decision making?           
-  How often do you use each of them?           
-  For what type of decisions are each dataset relevant?         
5.  Are you using any of them to cross-correlate with CDP data? What do you intend to achieve with the results of that analysis? 
Section 3. Extend the effectiveness of CDP data among stakeholders – How?       
6.   How do you analyse the data currently?             
        - What tools do you use in this process?           
        - What form do your results/outputs take?           
7.  What would make your work easier or more effective?           
        - What barriers/cost/frustrations/time wasters do you experience ?       
        - What data would you like to have that you do not?           
        - Can you imagine tools and functionality that would help?         
Section 4. The future               
8.  Do you have in mind any applications, practices or features that CDP could feasibly introduce in a period of 2 to 5 years to  
 maximise the consideration of environmental information in the decision-making  process? 
9.  Can you imagine other ways that CDP data could be used by you and your organisation? 
10.  In an ideal world, what more would you like to be able to do? 
11.  Do you want to add any other information?           
Table 2. List of interview questions 
 





The results of the interview are presented and discussed within the following sections. Based 
on the results, we identified a list of relevant factors that impact on the adoption of 
environmental information for decision making. These are summarised in table 3. 
5.4.1 Drivers 
In this section, we present the factors identified that encourage the disclosure of 
environmental information to CDP and why its data is used.  
5.4.1.1 Drivers for companies as disclosers and users 
As disclosers of information, companies consider CDP relevant because it offers an 
environmental reporting mechanism connected with the interests of a network of actors. "We 
are responding to CDP, as it is closer to the interest of a broad range of our stakeholders." 
[Company 1]. 
 




  DISCLOSERS USERS 
  Drivers Constraints Drivers Constraints Improvements Impact 
COMPANIES 1. Be part of a 
network of actors  




4. Learning space 
for leaders and 
competitors, to get 
best practices 
5. Reputation: be 
top company in 
environmental 
domain 






1. Expertise and 
time required 
2. Incoherences in 
the questionnaire 
3. Lack of 
engagement across 
organisation 
3. Data required- 
qualitative versus 
quantitative 
4. Difficult to 
disclose certain 
information due to 
privacy terms  
5.  The annual 







2. Get best practices 
from companies with 
better scores 




4. Improve their CDP 
responses to get 
better scores 
 
1. Time consuming 
2. Data quality 
3. Cost of CDP tools 
considering use  
4.Difficult to engage 
other areas of the 
company to consider 
CDP information and 
best practices in 
environmental matters.  
5. The annual updates 
of CDP questionnaire 
1. Better raw data: clean, consistent, 
interoperable with external systems and 
better formats easy to consume by machines 
and users. 
2. Tools to allow comparison of common CDP 
datapoints across other reference 
frameworks such as DJSI, GRI.  
3. Tools and resources that help to deal with 
CDP data. 
4. Online help in disclosure submission tool. 
5. Annual disclosures should be provided in a 
format ready for publication. 
6. Introduce more social issues in 
questionnaires. 
7. Facilitate the link with other similar data 















  USERS 
  Drivers Constraints Improvements Impact 
INVESTORS 1.  To evaluate companies 
regarding transparency 
and risks  
 
2.  To create ESG 
methodologies in order to 
facilitate companies 
evaluation  
1. The CDP data 
consumption and analysis, 
due to:  
1.1 Data format and data 
structure 
1.2 Lack of solutions to 
integrate with internal 
systems 
1.3 Responses in different 
languages 
2. To do qualitative analysis  
3. Engage more companies 
to do better disclosure to 
CDP 
 
1. Better data format 
2. Introduce data verification process 
2. Tools which allow manipulation and data 
download (i.e. queryable tools). 
3. Facilitate the integration of CDP data with internal 
systems to allow better integration with internal 
processes. 
4. More integration across CDP datasets (water, 
forest and climate change). 
5. Facilitate the link with other similar data initiatives 
where CDP shares are reporting aspects.  
1. Companies evaluation 
2. Assesing companies 




ACADEMICS 1. For teaching 
2. Research on: 
2.1 Regulatory risks and 
policy. 
2.2 Environmental  
accountability 
2.3 Financial risks related 
to environmental aspects 
2.4 Social network effects 
in CDP performance  
2.5 How the type of 
questions drive to specific 
answers, e.g. CDP 
questionnaire, pathway 
1. Lack of comparability 
across companies and 
countries due to the 
different methodologies 
2. Data analysis due to data 
incompleteness, updates 
over years, samples are 
incomplete 
3. Data quality: data is not 
clean, and there are 
inconsistencies 
4. The cost to get CDP data 
considering use 
5. The lack of comparability 
and completeness on 
certain questions  
6. The way CDP makes its 
data accessible and 
consumable 
1. Facilitate the content analysis via pre-packed 
tools. 
Searchable database: Doing your query allows final 
results instead of comparing multiple Excel 
spreadsheets. 
2. Introduce data verification process. 
3. Make the disclosure of certain information 
compulsory to allow proper analysis, and define 
methodologies in a more standard way.  
4. CDP needs to take a decision about their position 
in the market. Whether CDP needs to collect data, or 
whether it wants others to do that and experiment 
with innovative software devices and toolkits. 
5.The CDP challenge is about working to get high-
quality disclosure but then working to think about 
how users and others stakeholders relationships 
work to improve their presentation about the 
material and for different users groups. 
6. Make CDP data more comparable.  
1. Influence in research 
and teaching  
 




7. Data analysis is 
complicated due to: 
CDP data quality is an issue.  
The sample is not complete. 
Data with links not 
available. 
Updates in questionnaire 
over the years. 
7. Data in a sort of format where the text is easily 
extractable and easy to analyse.  
8. More integration across CDP datasets (water, 
forest and climate change).   
9. CDP should include more data checks, facilitating 
the link with other similar data initiatives where CDP 
shares reporting aspects.  
10. Make sure the data is properly collected and 
clean. 
11. Promote academics publications and show how 
they are used. 
12. Work more closely with universities on projects. 
13. Build a community with academics doing work 
through CDP with CDP data.  
GOVERNMENTS 1. Get visibility about 
companies’ and cities’ 
actions 
2. Identify environmental 
targets and monitor 
companies against their 
commitments 
3. Credibility, recognising 
the expertise and 
knowledge of CDP 
1. Data in more frequent 
basis: annually, quarterly 
2. Data accessibility 
3. Data quality 
  
1. Facilitate the contextualisation of the data, 
providing more representative company and city 
data.  
2. Better data formats. 
3. Align strategies with other reporting frameworks 
such as GRI and SASB to facilitate cross-checks. 
4. Offer an open platform that allows companies and 
cities to update their commitments. 
5. Get access to CDP in real time 
6.Collect data from investors to get a good 
understanding of companies, investors and cities 
about what amount of money is invested to climate 
change actions. 
7. More sector specific modules and scores. 
1. Influence 
environmental policies at 
national and 
international level.  









NGOs 1. To raise the 
awareness/influence of 
environmental 
stewardship with human 
impact on business 
decisions 
2.  CDP data is deep and 
detailed 
3.  To strengthen 
communicaton with the 
public 
1. Data analysis, due to 
how some questions have 
been asked 
2. Not able to understand 
the impact of 
environmental issues 
beyond companies’ 
decisions   
 
1. Larger samples. 
2. More user-friendly databases to encourage 
companies to do more.  
3. More tools to display the information visually and 
for analysis. 
4.  Include more links between CDP data and social 
impact. 
5. Include data verification processes to ensure the 
reliability of CDP data.  
6. Summarise the CDP data in a dashboard to 
facilitate the understanding of the relevant data. 
1. Raise awareness on 
environmental issues 




1. To include more value 
in software products for 
companies and investors.  
2. To improve services on 
benchmarking and 
disclosure tools 
1. Difficulties to match CDP 
with other datasets 
2. Keep offering continuous 
analysis tools using CDP 
data due to CDP 
questionnaires updates. 
3. CDP data format 
1. Have CDP data in database format 
2. Reduce the number of open questions and 
facilitate the comparison of the data.  
3. More integration across CDP datasets (water, 
forest and climate change). 
1.New opportunities in 
corporate sustainability  
and investors products 
Table 3. Classification of the results per interview coding 
 
 




Companies agree that CDP enables them to be compared to their peers and to strengthen 
communications with their stakeholders. "We have ended up with the conclusion that we want 
to show our stakeholders what we are doing, and somehow we had to find the right channel to 
communicate with them. In the end, we considered CDP as the preferred channel of 
environmental reporting, because it is advertising itself. CDP has a credential, and that is a big 
selling point" [Company 3].   
Apart from that, companies also consider CDP as a learning space; they use CDP data disclosed 
by other companies to learn about the best practices and strategies of market leaders and 
competitors. "We are looking for good ideas and practices that can be useful for us and if the rest 
of the companies are doing that, we should do it as well" [Company 4].  "If some responses help, 
and bring us some ideas to move forward, we use them. That has been the philosophy of CDP, do 
things transparent in a way that each one can learn from others" [Company 5].  
Disclosure to CDP is also a reputational matter for companies: "We disclose to other reporting 
initiatives including CDP to be more sustainable and be the top company in the environmental 
domain" [Company 1].  
From the perspective of data users, notably companies who use CDP data as a guide to complete 
their own annual disclosures to CDP, they try to find the best answers to specific questions from 
leaders to get the best score, driving them to take actions on environmental strategy. "We 
analyse each question, looking at best practices in companies with better scores. We try to 
identify their strengths and evaluate what the impact can be on our strategy if we decide to 
introduce some of them. We get very nice ideas that can be adapted to our company” [Company 
2]. At the same time, we found that some companies only complete the questionnaire to 
generate a CDP score, mostly to achieve reputational impact and comply with investor pressures, 
without any particular follow-up actions. 
Most of the companies tend to use CDP data to conduct a benchmark analysis against their peers 
and competitors, and also to understand how competitors position themselves in the 
environmental domain. 
 




5.4.1.2 Drivers for investors 
Investors use CDP data as part of their evaluation criteria to evaluate companies regarding 
transparency and risks, analysing how environmental actions are integrated within internal 
management. "We have historically used CDP data to gain a better understanding of how climate 
change is a risk for companies. We are interested also in understanding how others are utilising 
climate change as a business opportunity” [Investor 2]. “We always use CDP data to get a deeper 
understanding on mitigation of climate change." [Investor 3]. 
Investors use voting methodologies, which is an approach to investing by taking voting actions 
on companies where ESG engagements, risks, financial properties, opportunities and impacts 
have been unsatisfactory. These methodologies are used to form their investment criteria and 
judge companies. CDP information is also beginning to influence potential investors’ decision-
making processes. "CDP data is part of the information involved to judge companies as part of 
our voting methodology. We specifically expect that companies disclose information on carbon 
emissions. So we support particular votes in disclosure. [Investor 1]".  
5.4.1.3 Drivers for government 
Governments are interested in understanding the main drivers of environmental degradation at 
the national level in order to assess national companies on environmental strategies and develop 
environmental policies. They found in CDP a unique data source that can provide visibility on the 
actions companies and cities are taking, consolidating the information into one, internationally 
accessible location. They primarily use CDP data to identify environmental targets and track a 
company’s progress against their commitments.  "I am looking at the goals and targets of 
national private companies regarding GHG emission reductions; I am looking at how they achieve 
their targets. I am looking if these targets are very ambitious regarding our universal goal of 
remaining below to the 2 degrees of global warming….Even though it is difficult regarding these 
targets of remaining below 2 degrees before 2020, I am trying to judge if the private sector targets 
are ambitious enough to achieve this target" [Government 1].  
 




For them, CDP data is becoming the principal resource to evaluate how realistic the private sector 
targets are regarding GHG emissions reduction, as certain information needed cannot be found 
in other corporate data sources. “With the CDP data, I can analyse and see the progress of 
individual companies year by year, which is harder to find in the corporate reports. Because in the 
corporate reports, the companies only put information which is valuable to them, and they do not 
highlight their progress in GHG emissions reduction, so we cannot find that relevant information 
in the corporate reports…. That is why CDP reports are very so important for us” [Government 2].  
Governments trust in CDP. They recognise the different knowledge and expertise that CDP has 
acquired over the years from working closely with companies and cities across the world. In 
addition, CDP has earned its credibility by being one of the data providers to platforms like 
NAZCA16, which is a reliable source for national and international governments. 
5.4.1.4 Drivers for academics 
In contrast, we found that academics use CDP information mostly for teaching in business fields 
and to carry out research in diverse areas, such as environmental regulatory risks and policy 
confidence, environmental accountability, the impact of environmental aspects on financial 
performance, social network effects and disclosure techniques (for instance, the way in which a 
question is asked can influence the answer). The general perception according to academics is 
that CDP has become more important for academia over the last five years, looking at the rate of 
growth in scientific publications with reference to CDP. “In the accounting literature, over the 
past 5 years a greater number of papers are starting to write about CDP data and researchers are 
starting to focus on climate change more.  So that is why I started to be interested in CDP and its 
data” [Academic 4]. 
5.4.1.5 Drivers for NGOs 
NGOs are more willing to use CDP data to raise awareness of environmental stewardship with 
human impact on business decisions. They recognize the value of CDP information because it is 
 
16 Nazca portal: http://climateaction.unfccc.int/  [Accessed August 2019] 
 




deep and focuses on environmental issues with a high level of detail. In fact, they admit that 
there is no other data initiative providing such information on the environmental initiatives of 
SMEs and listed companies from across the world. Given the reputation of CDP and the possibility 
for NGOs to participate closely with CDP in the annual updates of the questionnaires via public 
consultation, many use the information to strengthen their public communications. "We look at 
CDP data to analyse what actions companies are taking on community engagement and also to 
identify the links between human rights and water and sanitation. So we want to use this data to 
try to get a baseline of what companies are already doing. We also wanted to use it to try to 
strengthen the business side and strengthen our messaging around why companies should care. 
[NGO 1]"  
5.4.1.6 Drivers for software/data providers 
For software/data providers, CDP data is being used to add value to their financial and corporate 
sustainability products offered to companies and investors. These software products assist 
companies in corporate reporting and footprint lifecycles and financial risks. Benchmarking and 
reporting tools are two common software products developed that use CDP data. The main focus 
of benchmarking tools is to enable companies to be compared against competitors and peers 
under a set of financial, social, governance and environmental aspects.  "In the benchmarking 
tools, we have different sources of data, but the CDP is the best at the moment for us. We have 
some data for benchmarking analysis, like European pollution registry, where some companies 
report data on CO2 emissions and other gases"[Software Provider 2].  "Our clients use our tools 
to compare themselves against their peers and competitors, so they can do averages per sector, 
and compare electricity consumption per employee or staff from one sector to another” [Software 
Provider 1]. In the case of reporting tools, they try to facilitate the disclosure of voluntary and 
mandatory corporate information, and CDP is offered as a voluntary was to disclose information.  
5.4.2 Constraints 
We use the term “constraint” in this study to refer to a barrier or difficulty that the interviewees 
identified in order to disclose and use the information offered by CDP. In terms of disclosure, 
 




companies found it difficult and time-consuming to complete the CDP questionnaires, due to 
detailed information being requested that requires very specific knowledge of environmental 
matters. The type of expertise required is not usually found in the departments that typically deal 
with corporate disclosure. “The CDP questionnaire is the most time consuming to complete. 
Although we do have now a proper process to complete the questionnaire, there are a lot of 
specific breakdowns that ask for detailed information about carbon emission, energy use and 
other information that are challenging to get. Another problem is how CDP requests things in 
units, which is different in respect to other initiatives that we report. We need to put additional 
effort and time to translate our data into how CDP requests it” [Company 2]. 
The way in which some questions are asked is criticised by some companies. For example, some 
of them found questions ask for the same information more than once. Regarding the level of 
detail required for each question, we identified disagreements between companies. Some of 
them prefer closed questions rather than open, arguing that the open questions decrease the 
quality and comparability of the data. “Comparability is one of the features that we consider more 
important to make accurate decisions, and CDP should consider introducing a major number of 
data points ready for analysis, instead a large amount of qualitative information that makes 
comparability difficult ” [Company 2]. On the other hand, other companies demand that more 
questions should be open, complaining that there is too much emphasis on numbers and that 
they are not able to capture all the data to show the value of companies in the environmental 
domain. “It is not always possible to tell a story with the data, and if you are looking only at 
numbers, there are not enough to tell everybody what you actually want to tell” [Company 3].  In 
addition to that, companies feel the need to engage other areas of the business during the 
disclosure process. However, they found the structure of the required information made it 
difficult to get collaboration from other departments, such as Human Resources, Customer 
Services or Finance departments.  
As users of CDP data, all the participants agree that CDP data is difficult to analyse and use for 
the following reasons: 
 




o Data format: CDP offers information in Excel, PDF and Word, depending on membership. The 
main criticism is that none of the formats and data structures are easy to analyse, consume 
or integrate with internal systems to facilitate their study. It always requires additional effort 
to translate the data into something easier to deal with. “We recognise that the value of CDP 
data is unique. However the data comes in a format easy to read but difficult for proper 
analysis” [Investor 1]. 
o Data quality and comparability: Incompleteness, inconsistencies and the availability of the 
data on an annual basis are the main data quality issues highlighted by most of the academics 
and some governments, investors and companies.  
a. Incompleteness in terms of information not disclosed by companies, which is essential 
to compare and interpret certain values. "CDP is doing a good job on companies’ 
participation and standardising questionnaires, but regarding accountability is weak, 
many companies leave sections blank, which affects the data quality, and even if they 
are punished in the scores, they are still happy to do that " [Investor 2].  
b. Inconsistencies, in terms of wrong quantities and external links that are referenced 
but not available, which is part of the information disclosed, are also reported as 
issues.  “At the moment that you are in the exercise of analysing CDP data in depth, 
you start finding out that the links provided do not exist and certain numbers reported 
lack of units and precision. These issues make CDP data an unreliable source of 
information” [Academic 1]. 
 
o Lack of proper tools and cost: CDP offers some analytical tools to facilitate the benchmarking 
analysis of its data. Companies and investors recognise that although they do not need the 
tools on a daily basis, they would be of benefit during the disclosure period and when the 
CDP reports and scores are published. The majority of the companies and investors demand 
better performance and functionalities. "CDP offers too much data which is difficult to digest. 
More resources are needed to go into detail into the data and get all value” [Company 1].  
Some companies and academics found these tools very basic in terms of analytical features. 
Most of the companies found the cost of the tool too high considering their usefulness. “The 
 




cost of the tool is the same for every company.  The cost for a big international is the same for 
the small companies and it is quite expensive for us. It should be different prices per company, 
depending on the size of the company. We only use the tool once, when I am completing the 
questionnaire, which itself takes a lot of time and effort” [Company 3].  
o Data accessibility:  Academics, governments, investors and companies found the lack of a 
tool that allows them to access, filter and download data themselves to be a barrier.  
o The use of local language: Investors and academics mentioned that having responses in local 
languages makes the analysis of the data difficult, if not impossible.  
o The annual updates of the questionnaires:  CDP updates its questionnaires annually in order 
to improve the quality and relevance of its data. However, all the interviewees found this a 
potential barrier to doing continuous analysis, due to a lack of information that clarifies what 
the differences are across the years.  "Taking data from year to year is problematic; CDP asks 
different questions every year, and we do not know how to find certain patterns, so we need 
to do an analysis on previous years to understand what kind of differences are in the 
questionnaires" [Company 2]. 
o Incomplete samples: Investors and academics claim not to have the complete stock market 
participation, which is relevant for their analysis and research. 
5.4.3 Improvements 
The analysis of the results suggests five types of improvement to increase the adoption of CDP: 
better raw data, more integration, tools, questionnaire improvements and actions to strengthen 
stakeholder relationships. 
Regarding the raw data, all the participants asked for improvements on data quality issues in 
order to make sure that the data is properly collected and clean. In general, they suggest that 
CDP must introduce data checks to avoid inconsistencies during the submission process and 
should make the disclosure of certain information compulsory to allow a proper analysis. For 
instance, CDP should make the disclosure of the emission methodology used to calculate the 
carbon emissions reported compulsory. Currently, some companies fail to complete the 
 




methodology and just include the final carbon emissions number. Such a step would allow the 
accurate comparison of data over the years and between companies.  Data verification is also 
mentioned by investors and academics as a way to enhance the reliability of the data: "If there is 
another source of data where CDP information appears, then CDP should introduce some 
verification in order to enhance the reliability of its data" [Investor 3]. Another issue in need of 
improvement is allowing the consumption of the information by users and their internal systems. 
This has been identified as a constraint for proper analysis of the information. "What we would 
be interested in is to be able to upload the data into our internal systems. As ESG [Environmental, 
Social and Governance] information is becoming a more and more important part of our business, 
it requires more integration in our processes, and more automated use of our data” [Company 2]. 
CDP needs to offer more tools to facilitate the access and analysis of its information. However, it 
looks like the primary interest is to have tools to filter and download CDP data in specific 
formats—most of them mentioned Excel—that would allow them to import CDP data and analyse 
it using their own tools. "What would be helpful for me is to extract the data in Excel and then 
manipulate by myself. In that way, I could compare multiple companies, extracting questions for 
a certain number of companies" [Company 2]. Only a few companies mentioned improvements 
to the current analytical tools offered by CDP in order to enhance visual capabilities and analytical 
techniques. However, most companies recommended that CDP to offer their tools with different 
prices depending on company size or to make them available for free. Governments indicated an 
interest in improving the disclosure tool, suggesting the possibility of allowing companies and 
cities to update their commitments regarding targets and progress on a more regular basis (e.g. 
monthly or quarterly). In addition, companies demanded online help with the questions to 
improve their understanding of the data requested. A few academics suggested that CDP should 
offer pre-packaged tools to facilitate the analysis of its text content.  
In terms of data collection, governments considered investors as the most relevant stakeholders 
to request information through CDP as, through their pressure, information about how much 
money is invested in climate change actions can be obtained. In addition, they would like to see 
more sector-specific data and rankings from companies in order to get more realistic figures on 
 




GHG emission reduction. “It is difficult to evaluate how ambitious the targets are, because the 
ambition depends on the technical barriers to each sector. It is very difficult for companies in the 
oil and gas sector to comply with the GHG reduction whereas for companies from the IT sector it 
is easier to reduce GHG emissions and to be a low-carbon company ... What can be very valuable 
for my government and other analysts is to get more sectored information, including rankings ..., 
maybe that is what is missing in CDP data" [Government 2]. In addition, NGOs would like to see 
questions related to social impacts produced by environmental issues. At the moment, NGOs are 
not able to understand the impact of environmental issues beyond companies’ decisions and 
financial risks.  
Finally, with regard to stakeholder relationships, academics, investors and NGOs mentioned the 
important role CDP plays in engaging stakeholders. However they demand a more active 
collaboration with CDP.  Academics especially would like to see universities working together 
with CDP, using CDP data in relevant research projects that impact both academia and the 
market. They suggest the creation of an academic community inside CDP in order to facilitate a 
more active collaboration, providing a space to promote academic publications and show how 
they are being used. "The idea of an academic community is good, to see what other people are 
doing with the CDP data. Having like a small directory interested in presenting ideas about how 
CDP is being used" [Academic 2]. 
5.4.4 Impacts 
Interview results reveal that the impact of CDP adoption differs by stakeholder group. The 
majority of the companies indicated that CDP does create an impact on their environmental 
strategies by enhancing their knowledge on environmental matters with impact on businesses, 
catalysing the interest from the market.  In addition, their participation in CDP increases their 
reputation. Investors recognised that CDP brings them better quality data, which allows them to 
analyse financial risks dependent on environmental aspects in companies’ evaluation. 
Governments recognise that CDP is a useful tool to formulate environmental policies at the 
national and international level. They see CDP as part of the solution to combat climate change 
and build low-carbon economies, helping them to take decisive action. From the perspective of 
 




the academics, there is a clear use in their research and teaching, although they demand more 
collaboration from CDP.  NGOs think that CDP has encouraged them to raise awareness in the 
private sector of environmental issues with a human impact. Finally, software/data providers 
consider that CDP is bringing new opportunities to the market in order to develop sustainability 
products with more value for customers. However, they also pointed out that more work needs 
to be done by CDP in order to facilitate the use and demonstrate the full value of its data.   
5.5 Discussion 
The results offer three different levels of learning to discuss. Firstly, to what extent do the results 
contribute to Elliot´s model regarding the role of IS to improve the environment? Secondly, how 
do these results align with the literature? And thirdly, what can CDP learn to increase its influence 
and impact on companies’ and stakeholders’ decisions?   
5.5.1 Contribution to Elliot’s model 
Elliot’s model presents a social-technical system in which IS serves as a central element between 
stakeholders and certain activities to address environmental concerns. We used this model to 
evaluate how business transformation can be boost according to the results of our study.  
The conclusions suggest that in order to carry out the sharing, understanding and integrating 
activities of the model, the following actions should be put in place: 
o Shared understanding: Providing a space for discussion, offering a hub of knowledge and 
expertise in environmental matters; 
o Integrated activities: Encouraging disclosure on environmental aspects in businesses and 
promoting the use of its data to a diverse group of stakeholders. 
Regarding the initial (and unlimited) stakeholders identified by Elliot, we agree on the relevance 
of companies, society, governments and organisations to reduce environmental impacts. 
However, we discovered that investors and academics also have a role to play as contributors to 
positive environmental change.  
 




Our results reveal which particular IS solutions are required, considering the constraints, 
improvements and adverse impacts found: 
o Provision of high-quality information on a more frequent basis, improving data formats, data 
completeness, data consistency and reliability.  
o Data accessibility, offering solutions to facilitate the data consumption with internal 
processes and external applications. 
o Data interoperability capabilities within financial and non-financial datasets, supporting more 
integration with other sustainability initiatives and corporate datasets, to enable cross-
checks, contextualize and complement certain information. This feature is explored in more 
detail in chapter 6. 
o Analysis and visualisation, in order to make the comprehension of the data easier, enabling a 
better understanding and analysis of information considering different stakeholder interests. 
As a contribution to the model, we believe that properties to enhance the internal management 
and decision-making processes are required to increase the adoption of environmental actions. 
These properties can be encouraged if the following recommendations are taken into account:  
o Reduce costs: Organisations recognise the growing importance of taking environmental 
matters into consider while making their decisions. However, the usefulness of 
environmental information is considered relevant only on an ad hoc basis.  
o Make environmental decisions more relevant to other areas: Companies recognised the 
difficulty of making their environmental strategies relevant within the organisation. More 
solutions are demanded to engage key areas within the organisations, in order to allow more 
integrated environmental assessment and management.  
o More data coverage: The CDP data is recognised as allowing a proper understanding of the 
environmental impact on business decisions, but more frequent sector-specific data linked 
with financial implications and human impact matters are demanded.  
o More active collaboration: Stakeholders are willing to collaborate more actively with 
reporting initiatives such as CDP and explore the new possibilities and opportunities offered 
by its dataset in diverse areas. 
 




5.5.2 Contrasts with previous findings on CDP literature 
The results are partly in accord with some of the conclusions from the literature regarding the 
role of ICT in environmental sustainability, namely with respect to constraints on data quality, 
reliability of data, and the lack of adequate IS for engaging stakeholders with this information, as 
is mentioned below by some authors: 
o Lack of IS to capture and manage environmental information [76]. Most of the participants 
agree with this statement when dealing with CDP data. They need to transform, clean and 
load the data into local applications or analytical processes. There is an apparent lack of 
integration of environmental information within internal business processes, as disclosers 
and users of the information.   
o Better data quality and greater reliability [58][63]. The users of the CDP data demand better 
quality data regarding completeness, format, structure and consistency. They find the CDP 
data difficult to analyse and integrate within internal processes, and highlight that too much 
time is required to carry out a proper analysis. Some claim the problem is not the content but 
the format. 
o Lack of verification and audit processes [58]. Investors and academics mention that in order 
to consider CDP data in relevant decisions and research, they need reliable data. More 
verification and audit processes on environmental information are required, just as they are 
required when analysing financial data.   
Some interview findings are at odds with the literature.  Looking at the drivers and impacts of the 
different stakeholders, these are the contradictory statements: 
o The absence of compulsory reporting suggests that environmental matters are not a priority 
in organisations and, therefore, it is not effectively managed [65]. The results show that 
companies consider environmental aspects as part of their strategies. They voluntarily report 
to CDP due to the perception of creating value by differentiating themselves in the market 
and the possibility of enhancing their business opportunities. There is also interest in 
 




strengthening their communications with stakeholders, and in learning from their 
competitors and improving their reputation.   
o The pressure of being targeted by a group of investors is what enhances the effectiveness of 
promoting changes within the organisation according to Song and Szewczyk [60].  The results 
partly agree with this statement. However, companies consider stakeholders other than 
investors, such as their competitors and the general public. Internal strategies, an improved 
reputation and strengthening stakeholder communications to increase business 
opportunities are additional factors that motivate them to change. 
o CDP has a unique concern for investor interests, showing a lack of real benefit of this 
information for the general public [58]. The drivers and impacts identified per stakeholder 
group clearly demonstrate that there is an individual interest in CDP data and this goes well 
beyond investors. In this respect, CDP creates some advantages that no other initiatives or 
data repositories are offering at the moment. 
5.5.3 What can be learned from CDP 
From an industry perspective, the results demonstrate that the information centralised by CDP 
represents a substantial resource of information for the decision-making processes in companies 
and their stakeholders. However, CDP needs some additional work to reach the full potential of 
its data in such processes and influence.  
The level of relevance of each property differs per participant group, as is presented in Figure 15.  
In general, interoperability and data quality are the most frequent demands identified. The 
reason is that these properties are indispensable for a proper analysis which, in general, impacts 
on decision-making related to environmental matters. In decisions where companies are 
involved, CDP data is usually considered as an additional resource to study with others 
environmental, social, financial and governance sources of information. As such, interoperability 
is identified as important to enable cross-checks, contextualise and complement certain 
information. 
 




Data coverage and data accessibility are common demands, meaning that, in general, the CDP 
audience asks for more data on a more frequent basis and with better access mechanisms. The 
general trend is that companies and stakeholders perform analysis using internal tools and 
techniques. Most of them look at specific CDP data points, being monthly and quarterly, the 
normal frequency of access. In terms of data coverage, investors and data/software providers do 
not demand that property; their attitude is more orientated to make use of what data is already 
on the market, and build methodologies and products at the top to cover certain demands.  
Better tools for analysis and visualisation are in demand, the main reason for this is that 
stakeholders prefer to use the internal applications and processes that they already have in place 
to perform analysis with the CDP data, instead of using those offered by CDP. This general trend 
does not apply to either companies or data/software providers. In the case of companies, they 
find these tools useful during the time they are completing the CDP questionnaires, and 
afterwards, when they check the results against their competitors.  
 






5.6 Conclusions  
The main goal of this chapter is to clarify the role of IS in the field of environmental sustainability. 
During this study, we evaluated why and how relevant actors use environmental information, 
what their decision-making processes are, what information needs they have, what they might 
be in the future and what is necessary to enable this. We interviewed companies, investors, 
 Figure 15. Level of reporting demands per market 
 




governments, universities, software/data providers and NGOs that are CDP members and users 
of environmental information.  
The interviews identified that the main motivations that encourage companies to disclose and 
use environmental information from CDP are the inclusion of better environmental strategies in 
their decisions, to strengthen their stakeholder communications and to enhance their reputation. 
In the case of investors, their main driver is to get improved accuracy on financial risks 
assessment, with a clear impact on sustainability methodologies for company evaluation. 
Research on environmental accountability, a company´s environmental profile and financial 
impacts are the main areas of interest for academics.  NGOs normally use the environmental 
information provided by CDP to increase the awareness of environmental stewardship in society 
and businesses, with a clear impact on stakeholder communications. The main driver for 
software/data providers is to enhance the value of the risk and sustainability assessment 
products and services they market to companies and investors.  Despite the different drivers and 
impacts, most of the constraints and improvements identified are shared by all stakeholders.   
Three types of learning arise from this study, contributing to the literature and promoting further 
developments in the IS industry and CDP.  
The role of CDP is demonstrably important for reducing environmental degradation, enhancing 
stakeholder communications, providing a space for discussion and collaboration, and offering a 
hub of knowledge and expertise in environmental matters. What makes CDP different is its 
expertise on environmental matters, its unique dataset, and the relevance of that dataset to a 
diverse group of stakeholders. Nevertheless, in order to achieve its mission, CDP needs to 
facilitate the use and understanding of its data, taking into consideration the six socio-technical 
properties referenced in the results section. Interoperability and data quality are the properties 
most in demand. The majority of the participants consider the CDP data sets as complementary 
to other environmental, social, financial and governance information.  
 
As a main conclusion, this study demonstrates that in order to achieve business transformation, 
three things are required: 
 




(1) More active collaboration between stakeholders and sustainable initiatives like CDP;  
(2) More data coverage: bringing access to more environmental content;   
(3) Innovative IS solutions to deal with environmental management and information in the areas 
of data quality, data interoperability, data accessibility, analysis and visualisation.  
 
The results of this study guided the main areas to explore throughout the remainder of this 
research. Within the following chapters we address some of the challenges highlighted, such as: 
interoperability in Chapter 6, data standardisation in Chapter 7, accessibility and analysis in 









Chapter 6. The role of interoperability in sustainability 
decisions 
 
Given the results of Chapter 5, we identify (1) ‘interoperability’ as a critical component for 
business transformation and decision making in complex information scenarios, and (2) CDP as a 
mechanism that supports environmental impact-aware decision-making processes for industries, 
corporations and organisations. This chapter is trying to answer our first objective “Market 
understanding on the use and disclosure of environmental data”. 
 
In this chapter, we explore the role that interoperability can play in achieving business 
transformation in light of the European Framework for Interoperability (European Commission, 
2015). In this context, interoperability is understood as the ability to exchange and make use of 
information between organisations and data sources.  Through interviews with seventeen CDP 
members, we identified that the information held by CDP is seen by its members as useful for 
‘environmentally sustainable’ decision making, i.e. decisions based on both financial and non-
financial factors, but its usefulness is challenged by interoperability issues on several levels. 
 
The most important results from the study were: 
- Trends, demands and the place of environmental concerns in decision-making processes. 
- A number of properties relevant to interoperability are demanded by CDP clients to 
consider environmental information in decisions. 
- The CDP has a role to play in environmental sustainability decisions. 
 
The work in this chapter was previously presented and published at the 4th International 
Conference on ICT for Sustainability (ICT4S 2016) 17. 
 












The decisions made in the course of business—and the subsequent actions carried out by 
companies as a result—can have a negative impact on the environment.  In order to solve these 
environmental challenges, it is necessary for companies to look beyond financial aspects when 
making decisions.  For this to occur, businesses need to transform how data is used to inform 
their management and operations. The information is critical to ensure the decision-making 
process is based on sound evidence that takes all factors into consideration. 
 
Such a transformation requires a deep understanding of the current actual, and potential future, 
environmental performance of a business. This in turn requires that firms provide better quality 
data and actions, and, together with their stakeholders, develop more sophisticated decision-
making processes and associated information systems (IS) to support the transformation towards 
sustainable developments. 
 
Several authors point out the role of interoperability as an enabler of sustainable decisions 
[129][130][131]. Interoperability allows firms to effectively share and reuse existing information 
among interested parties by: 
• the exchange and use of information between information systems, 
• the definition of relationships between different data environments, 
• the coordination of  business processes among the various organisations, and 
• the coordination of different legal frameworks to allow interoperation.  
The objective of this chapter is to explore the role of interoperability in environmental 
sustainability at present, look towards how it can improve in the future, and identify what is 
necessary to enable this to occur.  The discussion in this chapter is based on the interviews carried 
out with CDP stakeholders, as described in Chapter 5.   
 





6.2.1 Standardisation and interoperability 
The corporate reporting ecosystem consists of a scenario in which firms and other interested 
parties use the available information to make better decisions. Information and Communication 
Technologies (ICT) are essential in this ecosystem, and therefore should support firms’ decision-
making processes to allow for the required business transformation that would help to reduce 
environmental degradation.  
 
Several authors advocate that both standardisation and interoperability are indispensable to 
ensure the effective interpretation, exchange and use of the information among different users 
[102][103]. In this study, both are considered.  
 
Standardisation is key to facilitate the exchange of information, formalising the technical 
requirements to ensure the quality of the information. In order to understand the relevance of 
standardisation, the particular case of XBRL (eXtensible Business Reporting Language) is worth 
considering. XBRL is a standard technology required by regulators and supervisory agencies across 
the globe to gather financial information from large corporations, SMEs and public administration. 
The use of XBRL offers the following benefits [104][105]: 
• XBRL offers the possibility to represent business facts, which provides data contextualised 
under business requirements (presentation, period, legal references, calculations) and 
data quality.  
• XBRL enables a good level of interpretation, given the detail of the data represented. 
• XBRL allows for easier accessibility and integration of the information to any application or 
management process, as it is an open standard. 
• XBRL enables the validation and comparability of information.  
The main idea behind XBRL is standardisation. For a specific rule or guideline i.e., IFRS, US-GAAP, 
GRI, EMAS, CDP, etc. and its corresponding statements and reports, a single XBRL taxonomy is 
created. The taxonomy is where the rules and data definition materialise, it is comprised by a set 
 




of elements i.e., KPIs and all the presentation, calculation and logic rules that operate, according 
to that rule or standard. Once created, the XBRL taxonomy is made public as an open remote 
resource on the Internet. Then, for a specific firm, the proprietary software can create an XBRL 
instance the report itself, containing the concrete facts and figures for a certain period. The XBRL 
instance can be checked against the taxonomy by all parties reporting entity, a regulator, or even 
the public in order to guarantee its validation. The creation of an XBRL taxonomy implies the 
agreement of all interested parties. When applied to financial information, the XBRL working 
groups involve regulators, IT experts, the academia and the industry; this was also the case for 
non-financial guidelines like GRI and CDP. 
 
However, standardisation is not enough to ensure effective interpretation, exchange and use of 
information, between people, organizations, processes and systems in the corporate reporting 
ecosystem. As this data scenario implies a greater level of complexity, generated by the 
heterogeneity of the organisations and information involved, different information content, data 
formats, data frequencies and ways of access, it brings to light additional challenges that require 
interoperability beyond simply a shared standard.  
 
6.2.2 The case of CDP, an environmental reporting initiative and a source of 
environmental data 
 
As we mentioned in previous chapters, CDP now holds the world’s largest collection of information 
on climate change and the impact of corporations on water and forests. The aim of this data is to 
support investors in better understanding associated risk and encouraging long-term business 
transformation towards sustainability. 
 
CDP as an organisation is active in increasing the consistency and alignment of its data with other 
reporting organisations and frameworks. This organisational cooperation takes the form of MoUs 
and technical documents, which detail the levels of alignment between CDP data and other 
 




reporting frameworks.  Currently, CDP maintains collaboration lines to align areas of reporting 
with organisations such as the Global Reporting Initiative (GRI) and Dow Jones Sustainability Index 
(DJSI). The main goal is to enable users and reporting firms to refer to the same data points 
through different reporting channels. It represents a significant step towards the global 
standardisation of environmental reporting.  
 
Although this dataset is useful to a multitude of companies and other stakeholders, it is not yet 
clear what the real use and impact of this data is on decision makers.  Questions arise regarding 
the place of CDP as an environmental data provider in the corporate reporting ecosystem and its 
impact on decision makers. Likewise, considering the role that CDP plays, it is unknown how 
interoperability can bring new opportunities to drive forward business transformation. We 
consider CDP relevant for this study because: 
 
• It offers a framework to disclose environmental information to companies and cities from 
around the world, effectively driving information standardisation; 
• It has a voluntary reporting system which centralises standardised environmental 
information;  
• It provides its data to decision makers in the expectation that they use it to inform their 
actions;   
• It is an environmental reporting initiative which puts environmental information at the 
heart of financial decisions making, to help reduce environmental degradation. 
• It is a reporting initiative [56][64][67] and a source of data explored in the literature [58] 
[61] [63]. 
 
6.3 Research questions 
 
This particular study explores how interoperability currently supports stakeholder decisions 
towards making sustainable actions, and how can it enhance such decisions in the future. This 
 




investigation took place as part of the qualitative study presented in Chapter 5, and shares the 
same methodology but only 17 participants responded to the interoperability aspects.  
 
Using the same methodology as the previous study. We categorised the results of different 
interoperability properties, evaluating the attitude of the participants towards interoperability, 
considering the need and current practices mentioned by each participant and addressing the four 
layers of interoperability (legal, organisational, semantic and technical). As a result, a set of 
interoperability properties demanded or adopted by the participants to include environmental 
information in their decision-making processes were identified. We consider an interoperability 
property as any feature needed to address any layer of interoperability. The set of properties is 
presented in Table 4, classified under the correspondent interoperability layer and the participant 
who made the comment.  
 
The results provide a set of interoperability properties that enable us to measure the attitude of 
companies and their stakeholders towards interoperability, and in turn determine how relevant 
each layer is. During the next section, we explain our interview findings with regard to each 
interoperability property. 
 
6.4  Results 
As our objective is to explore the role of interoperability in stakeholder analysis and decisions, we 
identified the ways in which the interviewees used the environmental information provided by 
CDP. 
 
In summary, these are the interoperability trends we identified and which will be explored in more 
detail in the following sections: 
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Company 1 ✓ ✓ ✓ ✓
Company 2 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
Company 3 ✓ ✓ ✓ ✓ ✓ ✓
Company 4 ✓ ✓ ✓ ✓ ✓ ✓
Company 5 ✓ ✓ ✓ ✓
Investor 1 ✓ ✓ ✓ ✓ ✓ ✓ ✓
Investor 2 ✓ ✓ ✓ ✓ ✓ ✓ ✓
Investor 3 ✓ ✓ ✓ ✓ ✓ ✓ ✓
Investor 4 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
Government 1 ✓ ✓ ✓ ✓ ✓ ✓ ✓
Government 2 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
Academic 1 ✓ ✓ ✓ ✓ ✓ ✓ ✓
Academic 2 ✓ ✓ ✓ ✓ ✓ ✓ ✓
Academic 3 ✓ ✓ ✓ ✓ ✓ ✓
Academic 4 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
NGO 1 ✓ ✓ ✓ ✓









Table 4. Interview results and interoperability properties 
 




6.4.1 Legal interoperability 
The analysis of the results suggests that the participants consider two aspects of legal 
interoperability to be relevant. 
 
• Policy integration. The concept of interoperability in policy is defined by the level of 
compatibility with datasets evaluated for decisions.  Some companies, investors and 
academics mentioned that they evaluate legal conditions in order to determine the level of 
compatibility with the current datasets consulted for their decisions, as policies can demand 
new information flows. These may be relevant to integrate within their analysis. [Government 
2]: “Another analysis we do is tracking what is being done at the company corporate level and 
how it links to the national policy level. We are interested in evaluating the impacts of company 
actions on traceability at the national level”.  It is mainly investors, governments and 
academics who consider it pertinent to assess how the companies that respond to CDP comply 
with regulations at national and global levels in order to determine how confident these 
companies are with their current direction. [Investor 1] “As part of our company’s evaluation 
criteria, we analyse the level of commitments with governments and if they are ready for 
future regulations”. 
  
• Policy compliance. For companies, the policies have an impact on the environmental actions 
they take and the information they need to disclose to certain authorities. It affects their 
reporting processes, which results in more data to store and more information to 
communicate. [Company 4] “Reporting is not a standalone thing, and we have constant 
reporting influences with impact on operations. These actions that we are taking, we talk and 
report about. We also have to comply with legal regulations, so we need to feed into that 
channel as well”. 
 
 




6.4.2 Organisational interoperability 
With regards to organisational interoperability, there are two levels of coordination demanded 
by the participants: (1) greater focus on the convergence of CDP data with other reporting 
standards, and (2) closer working practices of CDP with companies to help them align 
environmental strategies within their departments. 
 
• Link CDP information with other global standards. The majority of the participants agree 
that CDP should align strategies and content with other reporting organisations, specifically 
with the most recognised sustainability frameworks in the market. From the companies’ 
perspective, this would represent an improvement during their disclosure process. By aligning 
the different frameworks used to support their corporate reporting, it would result in a 
reduction of effort because the same information would no longer need to be reported in 
different ways. [Company 3] “We do not only disclosure to CDP, also we use GRI framework to 
generate our sustainability report. There are certain indicators from the environmental section 
of GRI aligned with CDP, however, the way the information is asked, in term of level of 
aggregation, units and methodologies are completely different. So we need to make a double 
effort to report sometimes the same information in different ways”. In order to facilitate 
improved validation by allowing cross-checks between common data points, data users 
demand that CDP aligns with other major frameworks by sharing areas of interest and 
content. This is needed because companies criticise the absence of verification and audit 
processes in the CDP data. They also mentioned there is a lack of technical agreement 
between organisations regarding data formats, content, level of aggregation and unique 
company identifiers. These features are needed to facilitate the consumption and 
combination of data from multiple frameworks, and to get more complete information for 
decisions. [Investor 1] “Ideally, we would like to integrate CDP responses with GRI, WRI and 
SASB information available, and evaluate the overlay of both responses and results. That 
would be useful to consider non-financial information in our most relevant decisions. Currently, 
we cannot do that level of analysis, because each dataset is published with different formats, 
 




structures, locations and content. Moreover, it requires a manual process to find levels of 
alignments to analyse.” 
 
• Link environmental aspects within different areas of companies.  Companies find it difficult 
to engage key departments within their organisations regarding environmental concerns to 
get a more integrated environmental assessment and management to disclose to CDP. The 
interoperability of environmental information and alignment of environmental reporting 
within different areas of companies is needed, but the lack of common environmental 
interests and concerns is presented as the main barrier. [Company 5] “We found CDP useful 
because it helps us to understand the value of considering certain environmental aspects of 
our business. However, it is still difficult to cover all the points demanded by CDP due to the 
dependencies with other departments of my company, which are not aligned with that level 
of environmental concerns and, therefore, management”.   
6.4.3 Semantic interoperability 
After identifying the legal and organisational mechanisms demanded by the participants to 
make better use of CDP data in their analysis and decisions, there are two main semantic 
requirements:  
 
• Link CDP data with other corporate datasets. With the exception of NGOs, the majority of 
the participants would like CDP to facilitate the connection of its dataset with other publicly 
available corporate information, such as financial reports, stock market data, corporative 
website and social media profiles. These types of data sources are the most useful to carry out 
analysis and contextualise findings for these businesses. [Government 2] "I think what is really 
important for us is to contextualise the CDP data. To tell a nice story is very useful for us... for 
example, demonstrating that there are numbers of companies taking actions representing the 
revenue at a certain amount. That provides very powerful statements...But to be honest, it is 
difficult for us, as we have to put together certain company data such as revenues, total of 
employees, assets in management, which is difficult and time-consuming. If CDP can provide 
 




that information, it would be very helpful".  However, the lack of alignment in data formats, 
unique identifiers, data frequencies and the lack of data accessibility are mentioned as the 
principal difficulties in carrying out deep analysis with multiples datasets. Connecting pieces 
of information about the same company from different data sources requires semantic 
alignment to take place. 
 
• More integration across the different CDP datasets. Publishing the climate change, water, 
forest and scores datasets integrated into one is regarded as an important improvement for 
CDP by companies, investors, governments and academics. As potential users of the 
information, they expect CDP to get relevant information about a company’s environmental 
profile. However, CDP deals with each dataset separately, collecting the information via three 
different questionnaires without linked information. This means that CDP does not offer an 
integrated environmental profile where, for instance, a company’s risks can be evaluated by 
water, climate change and forest aspects. In order to do that, stakeholders need to work with 
each dataset separately and to consider factors such as companies not necessarily responding 
to the three questionnaires.  [Investor 1] “Would like to see more integration of CDP datasets. 
At the moment, water, forest and climate change appear separately, which is not very useful 
for us when we need to evaluate the environmental profile of any company”. Table 5 describes 
the external data sources identified and the reason why the link with CDP data is relevant. 
 
External data source Why is the link with CDP data relevant for? 
Sustainability frameworks and indexes, such 
as UNFCC, IPCC, GRI, and DJSI 
To cross-check data points and complement 
analysis and strategies, improving the 
accountability of sustainability indicators. 
Corporate reports, such as governance 
reports, annual reports, CSR reports, risk 
reports 
To cross-check specific data points and 
evaluate the level of integration of FESG 
topics within companies 
 




Financial and stock market data 
To evaluate specific impacts of ESG topics in 
financial markets 
Social media data 
To identify key topics for the society and 
communicate externally 
Regional and local policies 
To keep updated about future regulations in 
CSR reporting areas 
Table 5. External sources to link with CDP data 
6.4.4 Technical interoperability 
As part of the interviews, several technical needs were mentioned as requirements to reach 
other levels of interoperability:  
• Data format. Most of the participants find it difficult to carry out deep analysis combining CDP 
data with others datasets, comparing multiple companies and data points.  [Academic 3] 
"When I look at a company’s response in PDF format, I know it is typically 40 pages. The 
qualitative data is very difficult to read, it is very difficult to copy and put in a different format 
as the formatting is locked. …  Probably my biggest criticisms is not the content, it is the format 
of the content." "At the moment CDP just offer a flat dataset and a confused spreadsheet 
which are not being used in a way which is intelligent." 
 
• Data connectivity. The participants are interested in having technical solutions to help them 
consume different types of company information. For example, they would like to know how 
to link CDP responses with other sources of information which refer to same companies, like 
stock market data and sustainability reports. In that way, they want to add more value to their 
analysis by contextualising financial and environmental impacts. Also, they demand technical 
facilities to find common data points that CDP shares with other reporting frameworks like 
GRI. This means that if a company discloses their carbon emissions in their annual report and 
also to CDP, they can have the capacity to cross-check both sources of information for 
validation purposes.  Some academics pointed out that the goal of CDP is not to provide 
 




datasets for financial research. However, CDP’s audience demands the match between CDP 
data and financial information. The main challenges recognised are the lack of harmonisation 
between datasets and unique identifiers in corporations. [Investor 3] “Contextual information 
is key when analyzing companies performance. For us, CDP data is never analyzed alone, we 
always crossed that information with specific financial information. If that link to other data 
sources is given by CDP, it will save us a lot of time due to it is a very time-consuming task”.  
 
• Data accessibility. As mentioned in Chapter 5, accessing CDP data is complicated and difficult. 
Academics, governments, investors and companies find it necessary to have better 
mechanisms for data consumption and analysis. 
 
o Data frequency. Some investors and academics, and most governments, consider it a 
constraint to have the CDP data on an annual basis. For their progress analysis and 
assessments, they would like to have data on a quarterly or monthly basis, aligned to financial 
obligations, in order to make more accurate decisions. [Government 1] “Data on an annual 
basis is not enough to show the momentum. We need data to check company and city progress 
and commitments over time. That is the way to see what it is going on and how things are 
going to occur ". 
 
• Integration with existing data platforms: Investors, academics, governments found it useful 
that CDP information is integrated in data platforms like NAZCA, Bloomberg, Sustainalytics, 
Thomson and Reuters. [Investor 1] “As CDP data can be accessed via a Bloomberg terminal, 
this is one of the reasons why it is useful for us. Because if I am in Bloomberg, I do not want to 
go off and go to other website and log in, to pull all the data. That is the reason why it is so 
useful. Just thinking that having more and more information in what future companies are 
disclosing, makes us think in more sophisticated ways to measure and monitor in order to 
quantify some of the ESG issues. We will have the need to have more datasets in one place". 
However, in some cases, the CDP data integrated into these platforms is not enough and does 
not cover stakeholders’ demands. [Investor 3] “In Sustainalytics, there is data related to CDP, 
 




whether the company respond to CDP or not. However, we do not have immediate access to 




The results demonstrate that interoperability has a role to play in the development of decision-
making processes and associated IS, where particular social-technical properties under the 
influence of general developments in ICT are required to drive long-term decisions, with impact 
on strategy and management processes. A major level of technical formalisation is required in 
terms of convergence and applicability of environmental initiatives like CDP with other reporting 
organisations, data providers and areas of companies. Moreover, it is necessary to have ICT 
solutions to exchange data in a meaningful manner and make the data more accessible to a 
broader community by means of a major harmonisation and integration with external 
applications and organisational processes. The results show that in order to achieve a major 
harmonisation and integration, aspects such as data standardisation, data connectivity, data 
accessibility and data integration with external applications must be considered. These results 
contribute to ICT for sustainability and sustainable decision support systems studies 
[106][107][108], while also identifying concrete information systems properties required by real 
users of environmental information.   
 
Looking at the context where stakeholders use CDP data, we have discovered that interoperability 
is implicitly considered in policy, organisational, semantic and technical levels. Likewise, we found 
that CDP has further work to do to allow users to unlock the full potential of its information, 
specifically: 
 
• A major policy engagement. Policy represents more environmental information for 
companies to store and disclose, and in turn more data for their stakeholders to evaluate in 
order to make decisions. If CDP increases its level of interoperability with forthcoming 
regulations, defining what its level of compatibility and impact is, it will help reporting 
 




companies during their disclosure process and also their stakeholders in making better 
decisions. Better policy engagement with forthcoming regulations brings opportunity to CDP 
in order to increase the value and impact of its data.  
 
• More detailed organisational agreements. CDP should agree and define with greater detail 
the level of alignment of its data with other frameworks. MoUs and current technical 
specifications are not enough. It is necessary to concretely define details about data formats, 
content and scope, transformations and the levels of aggregation. In that way, companies 
would not need to report the same information in different ways, depending on the final 
report (e.g. whether a CDP report, annual report, sustainability report, etc.). Being more 
specific about this alignment allows CDP data to be considered more credible and reliable, 
facilitating cross-validation with external data sources. CDP also should work more closely 
with companies to help them improve engagement on environmental aspects within their 
different departments. Better integration and management of environmental factors in 
companies would enhance environmental data quality. However, that represents an 
additional effort for CDP, given the variety of international companies that already disclose to 
CDP.  
 
• Enable better semantic interoperability. The need for using and analysing CDP data in relation 
with other datasets from financial, social and environmental topics is a common demand from 
the majority of companies and their stakeholders. The reality is that combining CDP data with 
other corporate datasets or corporate reports is difficult and almost impossible. The main 
problems are the lack of harmonisation between the different datasets regarding data 
formats, content, data frequencies and unique identifiers. One of the solutions CDP can offer 
is to provide its data in different data formats based on how other data sources are presented 
and which formats are familiar to the CDP audience. For example, CDP could provide its data 
openly and in open standard formats, such as XBRL, as some of the reporting companies 
 




disclose their financial information to regulators like the U.S Security Exchange Commission18 
in XBRL format and investors are familiar with analysing XBRL information for their decisions.  
Furthermore, CDP could potentially offer companies the possibility of submitting some of its 
data related to targets on a more frequent basis, which will help use the information for 
monitoring purposes. Finally, CDP should make its data linked to other sources of information 
accessible or present its data with a company’s unique identifiers and teach the audience how 
to use it in combinations with other sources of information. Overall, semantic interoperability 
in CDP will help improve the decision-making process so that it includes social and 
environmental aspects as well as financial information. 
 
• Better technical solutions. There are three types of technological aspects demanded of CDP. 
First, to introduce standard formats to facilitate the exchange and combination of CDP data 
with other sources of information. The need to standardise data in CDP brings up the 
possibility of adopting XBRL for non-financial data. Also, publishing CDP data linked to other 
structured data, using best practices in semantic web such as linked data19, could be a 
potential solution to explore. Secondly, CDP should provide access to its data automatically, 
enabling better integration with external applications and internal processes. Ideally, CDP 
should include the ability to retrieve and manipulate its data for greater accessibility. Possible 
solutions include those based on an Application Programme Interface (API), web services or a 
semantic interface for querying, such as SPARQL20, which enables users to write queries to get 
access to the data and its links to other data sources. Ideas that have been implemented are 
discussed in Chapter 8. Finally, it would be beneficial to have better integration of CDP data 
with external data platforms, such as NAZCA, Bloomberg and Sustainalytics, in order to add 
value to decisions. For this to occur, CDP should work more closely with data providers to 
transmit the full value of the data. CDP should be more active in encouraging data providers 
to present and use CDP data through external platforms. 
 
18 U.S Security Exchange Commission, 2015 http://sec.gov  [Accessed August 2019] 
 
19 Linked data, 2015 http://linkeddata.org/   [Accessed August 2019] 
 
20 W3C, 2008 https://goo.gl/8KvJJW [Accessed August 2019] 
 





We explored the role of interoperability in sustainable decisions, using CDP as a case study. We 
conducted interviews with a set of companies and their stakeholders, as we did in chapter 5. As a 
result, the following three learnings arise: 
 
(1) Current reporting trends and demands from companies and their stakeholders, and the place 
of environmental concerns in decision-making processes.  
(2) A set of interoperability properties are needed to allow for environmental information to be 
considered in decisions. 
(3) While CDP has a role to play in environmental sustainability decisions. 
 
Companies and their stakeholders demonstrate that their reporting trends are evolving to take 
advantage of the sources of information that corporate reporting ecosystem provides. Their 
decision-making and management processes consider financial, social and environmental aspects 
from corporate reports, other sources of information and data platforms. However, challenges 
arise in order to carry out a better use of the information available for making decisions and 
achieving business transformation. Interoperability properties need to be considered to achieve 
the transformation, and we demonstrate that legal, organisational, semantic and technical 
interoperability are deemed to increase the value of environmental information for decisions. As 
a contribution to ICT for sustainability studies, the need for ICT solutions to overcome these 
interoperability demands are highlighted in the areas of data standardization, data connectivity, 
data accessibility and data integration. These areas are further explored in Chapters 7, 8 and 9.  
 
In summary, the study suggests that CDP should increase its level of interoperability to be in 
alignment with future regulations, other reporting organisations and respective frameworks, as 
well as better define its links with other sources. CDP should also provide for integration within 
its different datasets (climate change, water and forest) and introduce the ICT solutions 
mentioned above to address these interoperability demands. 
 
 




The next chapter explores the role that certain technologies can play given the interoperability 
demands necessary in order to support decisions, such as XBRL for standardization and semantic 
meaning. For example, what value can XBRL bring to environmental reporting initiatives like CDP, 
considering the role that these initiatives play in companies and their influence on decision 
making and actions (Chapter 7) Additionally, given the corporate reporting ecosystem and the 
interoperability demands from companies and their stakeholders, it is vital to identify the main 
opportunities and barriers facing business transformation. This is explored in detail with solutions 








Chapter 7. Influencing the practices of XBRL within CDP  
 
This chapter is based on the results of Chapter 5 and 6 regarding the need for improving data 
standardisation and interoperability in the use of environmental information in the decision-
making process. This chapter is trying to answer our second objective “How to make 
environmental data more accessible for users?”. 
 
 In particular, this chapter presents the work that I  have done to influence good practices on 
data standardisation through XBRL technology within CDP, considering the relevant role that it 
could play in environmental-related reporting. My influential work consisted of three 
deliverables. 
 
1. An article published at CDP where XBRL was presented as part of the solution to facilitate 
more streamlined and standardised corporate reporting on environmental variables. This 
work was done for CDP and i2Investing Initiative under a project called “Sustainable Energy 
Investment Metrics”. It was written by me and received the recognition of the following 
organisations: XBRL International, XBRL Asia, Eurofiling, the European Committee for 
Standardization (CEN), the Spanish Accounting and Business Administration Association 
(AECA). It was published in the context of H2020 and funded by the European Union’s 
Horizon2020 research and innovation programme under grant agreement No 649982. The 
complete article is presented in section 7.1 and can be found at the CDP website 21. 
 
2. The 2016 Climate Change Taxonomy, which was developed only by me, it is the digital 
representation in XBRL of the 2016 Climate Change questionnaire.  This work has been 
recognised by The Spanish Association of Accountants (AECA) to define the environmental 
data as part of their Integrated Reporting framework, which is facilitating Spanish 
companies affected by the European non-financial Directive (2014/95/EU) to disclose their 
 
21 XBRL report:  https://www.cdp.net/en/articles/climate/technology-and-climate-reporting-can-xbrl-help-tcfd  
 




environmental. This integrated reporting framework developed by AECA is also referenced 
in the Spanish transposition of the European Commission law. In addition, this taxonomy is 
being utilized as a good example for European regulators to consider the possibility of 
requiring environmental data in a more standard and digital way aligned with existing 
financial practices. As this European directive is evolving to be required in a more 
normalized and structured way.  This taxonomy is openly accessible at the XBRL 
International Taxonomy Registry22. The purpose of this work was three-fold: 
a. Improving data quality and data accessibility, and standardising Climate Change 
data and business rules in an open digital format. 
b. Connecting environmental and financial information models by using the same 
reporting technology adopted by financial information markets worldwide (e.g. 
IFRS, USGAAP, UKGAAP, Spanish GAAP, EDINET, etc). XBRL is already required 
around the world, by regulators and supervisory agencies. 
c. Improving the consistency of environmental data across other sustainability 
disclosure frameworks and reducing reporting burdens by aligning data contexts 
across other sustainability frameworks that use XBRL, such as GRI (Global Reporting 
Initiative) and DJSI (Dow Jones Sustainability Index). 
 
This complete work can be found on the CDP website23 and the technical insights and 
modelling decisions can be found in section 6.2.  
 
3. Dissemination of this work and related ideas within relevant industrial and academic 
forums (Figure 16) and the evolution of the standard through the author’s work as Chair of 
the Best Practice Board at XBRL International.  
a. Mora, Maria (2017).  Concept and use of enumerations 1.1:  The CDP taxonomy.  
23th Eurofiling Wokshop (European Central Bank, Frankfurt, Germany). June 2017 
 
22 XBRL International Taxonomy Registry: https://taxonomies.xbrl.org/ 
23 The CDP-XBRL taxonomy: https://www.cdp.net/en/research/xbrl  
 




Work developed and presented by Maria Mora. Presentation available 
here: http://eurofiling.info/2017/tutorials/enumerations/. 
b. Mora, Maria  (2016). Envision climate-related reporting challenges. Natural Capital 
Summit Conference (Madrid, Spain).  July 2016 
Work developed and presented by Maria Mora.  Presentation and 
information available here: 
https://naturalcapitalsummit.wordpress.com/programa/ 
c. Mora, Maria (2016). Financial Stability Board on Climate-related disclosure. 18th 
XBRL Europe Day Conference. (European Central Bank, Frankfurt, Germany). June 
2016 
Work developed and presented by Maria Mora.  Presentation and 
information available here: http://eurofiling.info/portal/xbrl-week-
frankfurt-2016-2/  
d. Mora, Maria (2015). Natural Capital Disclosure. 15th XBRL Europe Day Conference. 
(Bank of Spain, Madrid, Spain) 
Work developed and presented by Maria Mora.  Presentation and information 
available here: http://www.eurofiling.info/201506/index.shtml  
e. Mora, Maria (2014). Climate Change Taxonomy Insight. 20th   Eurofiling Conference. 
(National Bank of Belgium, Belgium, Brussels) 
Work developed and presented by Maria Mora.  Presentation and 
information available here: 
http://www.eurofiling.info/201411/index.shtml  
f. Mora, Maria (2013). Enumerations. 18th   Eurofiling Conference. (CSSF Luxembourg, 
Luxembourg, Denmark) 
Work developed and presented by Maria Mora.  Presentation and 
information available here: 
http://www.eurofiling.info/201312/index.shtml  
 




g. 33rd World Continuous Auditing & Reporting Symposium – Rutgers University (New 
Jersey, USA) 
Complying with the EngD requirements, this work made a significant contribution to the industry 










 Figure 16. Dissemination of XBRL work within relevant industrial forums. (European 
Central Bank, 2017) 
 




7.1 The role of XBRL in overcoming environmental-related 
reporting challenges 
 
7.1.1 Introduction  
With the 2015 Paris Agreement, climate change is at the forefront of international policy and 
business issues. For an orderly transition, businesses need to collect relevant, timely and reliable 
material upon which to base their business strategy. Providers of capital, insurers and regulators 
also need this information from businesses in a transparent, comparable, clear and verifiable 
structure so that they can make the best-informed investment decisions and ensure compliance.     
However, regulators, investors, creditors and underwriters are faced with the difficulties of:  
1) Accessing that information to inform their decisions; 
2) The quality of such voluntary disclosure; and  
3) How to interpret the disclosure.  
The lack of action and decision-making to mitigate climate change is also a consequence of the 
following reporting gaps:  
1) The financial significance and exposure of assets to climate change is not assessed 
or disclosed; this exposure is driven by local factors and granular data might be needed 
to assess it (e.g., asset level data);  
2) Misalignment between the reporting of non-financial information and financial 
reporting, with the links between the two still not fully perceived by both preparers and 
users of information;   
3) Data quality concerning incompleteness, reliability, comparability, verifiability 
and structure; and  
 




4) Availability of information systems that facilitate the disclosure and use of 
combined information within the decision-making processes of companies, their 
stakeholders, regulators and supervisory entities.  
 
The Financial Stability Board (FSB), at the direction of the G20 countries, has set up the Task 
Force on Climate-related Financial Disclosures (TCFD) to draw up recommendations on 
voluntary disclosure. In this paper, we present the use of eXtensible Business Reporting 
Language (XBRL) as a potential solution to the availability of, and access to, information. We 
present further recommendations for improving the quality of climate-related disclosure and 
increasing the volume of companies disclosing in publication for CDP.  By ensuring that global 
climate change disclosures are consistent and standardised in a machine consumable fashion, 
the FSB can ensure the utility of its efforts in this field.  This is based on CDP’s 14 years of 
experience of collecting climate-related disclosures on behalf of investors representing over 
$100 trillion of managed assets and with over 5,500 companies disclosing in 2015.  
     
7.1.2 Task force on climate-related financial disclosures (TCFD)  
In 2015, the FSB established the TCFD as an industry-led group to make recommendations for 
improving principles and practices for voluntary climate-related disclosure. The TCFD is 
comprised of a diverse group of experienced members to lead it, drawing from disclosure users, 
preparers, and market participants from a variety of industries and regions [109].  They issued 
their final report back to the G20 by mid-2017, thus attempting to address current reporting 
gaps by:    
1) Supporting the disclosure of climate-related financial risks and opportunities;   
2) Promoting alignment across existing disclosure regimes;   
3) Improving the production of consistent, comparable, reliable, clear and efficient 
information; and  
 




4) Increasing the consideration of environmental matters on decisions in the short, 
medium and long-term, making the use of environmental information easier.   
  
7.1.3 The role of technology: overcoming environmental-related reporting 
challenges through XBRL   
To overcome current climate-related reporting challenges, it is relevant to consider the role that 
technology, and XBRL in particular, could play.    
XBRL is a standard technology used by regulators and supervisory agencies all over the world to 
gather financial information from large corporations, financial institutions, SMEs and public 
administrations. XBRL is in use within more than 60 countries at present, implemented by over 
100 regulators, covering some 10 million companies worldwide. Key regulators involved in its 
implementation include the U.S. Securities and Exchange Commission (SEC), which adopted 
rules in 2008 requiring public companies and foreign private issuers to provide financial 
statements in XBRL, and to publish their financial statements on their corporate websites using 
XBRL [132]. Since then, other regulatory agencies around the world have enacted similar 
mandates. In Europe, XBRL is one of the recognised standards by the European Commission to 
address the Digital Single Market Strategy [133]. In fact, it is now required for external financial 
reporting by the European Banking Authority (EBA), the European Insurance and Occupational 
Pensions Authority (EIOPA), and the European Central Bank (ECB). XBRL is also being examined 
by the European Securities and Markets Authority (ESMA) to act as the European Single 
Electronic Format for reporting within securities markets (Figure 17). XBRL has long been 
adopted by the main regulators in Japan, is the reporting format in use across the Chinese public 
markets and is currently being implemented as an important part of the Russian Central Bank’s 
digitalisation program. The standard is supported by a broad ecosystem of stakeholders, 
including hundreds of software vendors from around the world. When implemented carefully, 
the burden on industry can be low, although it is important to follow a range of best practices 
to ensure optimal outcomes in this regard.  
 





Figure 17. XBRL implementation within the European System of Financial Supervision 
  
The standard is managed by a not-for-profit consortium, with 700 members from around the 
globe, with an explicit public interest purpose to enhance the accountability and transparency 
of global business performance through the development of open data exchange standards in 
this field.  
7.1.3.1 What is the place of XBRL in organisations?   
XBRL was born as a solution to overcome the limitations in traditional and mainly paper-based 
disclosures, such as ‘one size fits all’ reports, print medium fixation and one-way 
communication. It serves as a solution to issues in traditional reporting such as the ones 
highlighted by Mora and Mora [104]:  
1) the vast amount of organisational information, both audited and unaudited;  
2) the lack of connection between firm publications; and  
3) the inefficiencies of a PDF-based format for report delivery.  
7.1.3.2 How does XBRL work?   
For financial disclosure regimes like International Financial Reporting Standards (IFRS) and US 
Generally Accepted Accounting Principles (US GAAP) or for nonfinancial disclosure regimes like 
the CDP information requests and Global Reporting Initiative’s G4 guidelines, and its 
corresponding statements and reports, a single XBRL taxonomy is created. The taxonomy is 
where the rules and data definitions are organised. It is comprised of a set of elements (i.e., Key 
Performance Indicators and narratives) and all the presentation, calculation and standard logic 
 




rules that are in effect. Once created, the XBRL taxonomy is made public as an open source file 
on the internet. Then, for a specific firm, software can be used to create an XBRL instance (the 
report itself), containing the specific facts and figures for a certain period. The XBRL instance can 
be checked against the taxonomy by all parties (reporting entity, a regulator, or even the public) 
in order to guarantee its data quality and reliability, as the taxonomy contains data quality 
checks that any XBRL engine can validate. The validation rules supported in XBRL allow a good 
level of data quality, from basic rules to validate data types (number, text, precision), to more 
complex rules relating to elements that have been disclosed. For example, rules can be 
implemented to check if a breakdown of emissions is equal or not to the total emissions 
reported, or a CO2 intensity figure (tCO2/revenue) is actually in line with revenue and emissions 
figures reported.   
The creation of an XBRL taxonomy implies the agreement of all interested parties (regulators, IT 
experts, academics, industry). Once the taxonomy is made public, the reporting entity must (for 
mandatory reporting schemes) or may (for voluntary reporting initiatives) prepare and publish 
the necessary XBRL reports. The report can be for multiple recipients: the corporate website, an 
official reporting platform, a data repository, etc. Once the data is generated in XBRL, business 
facts are more accessible for any kind of data analysis application, and enable all users to make 
quick and easy calculations, rankings, benchmarks, and comparisons. The reporting entity itself 
can also benefit from this digital format for management, consolidation or internal auditing 
purposes (Figure 18).  
 





Figure 18. Benefits of XBRL 
  
XBRL is used primarily for the exchange of financial, risk management information and solvency 
ratios24 under mandatory and voluntary filing programmes. Environmental and sustainability 
reporting initiatives, including CDP and the Global Reporting Initiative (GRI), have initiatives 
promoting the disclosure and use of their data through XBRL to enhance the adoption and 
impact of their data for decision-making purposes [110]. Through its initiative, CDP has been 
working with the XBRL community to incorporate specific requirements within the XBRL 
standard, which are necessary for environmental reporting practices and its community. CDP 
regularly participates in XBRL conferences and meetings where issues of standardisation and 
adoption of the standard are discussed. Because XBRL provides very well understood 
mechanisms for defining reporting requirements in a multi-lingual context and allowing filers to 
use their language of choice, while allowing consumers to review it on their own, the use of the 
business reporting standard for this initiative seems especially relevant. XBRL International is 
 
24 XBRL has been the technical solution to implement the banking supervision regulations that have come out after 
the financial crisis and which imply the transmission and analysis of large volumes of data.  
 




developing mechanisms that allow the republication of XBRL data using a wide range of 
technologies, including JSON.  
By expanding the adoption of XBRL in financial, risk management, environmental and 
sustainability reporting, policy makers and industry leaders can address climate-related financial 
reporting challenges and drive new business opportunities in corporate reporting.   
In the following sections we explain how XBRL can be a solution for better financial and 
environmental accountability, exchange of information and decision making when it comes to 
sustainability.  
7.1.3.3 How can XBRL increase the perception understanding of financial 
significance?  
Understanding the financial significance of environmental aspects depends on the ability to 
easily identify, in a data-driven way, their financial impacts. This requires a convergence of the 
current financial and environmental reporting practices adopted by corporations. For that 
purpose, firstly, a common agreement between financial and non-financial initiatives is 
necessary to identify what levels of convergences or alignments exist; and secondly, technology 
is required to make these agreements applicable to bring the benefits to the market. From the 
technology side, XBRL is the “Rosetta stone” that can facilitate this convergence, since:  
1) it is the shared technology between financial and non-financial reporting 
initiatives, benefitting from a very broad ecosystem of existing XBRL capable software 
from large and small ERP and reporting vendors alike;  
2) it is a proven technology that can facilitate the convergence (alignment) across 
frameworks, namely in terms of granular data representation and validation across 
countries and industries;  
3) it is able to provide an automatic and low cost data feed to the financial data 
supply chain;  
4) its value is recognized by environmental reporting initiatives like CDP and the 
Japanese Voluntary Environmental Reporting scheme; and  
 




5) XBRL is already an adopted solution by preparers and users of corporate reporting 
information for their decision-makings with an established community of practice.   
Bringing together financial and climate change reporting using XBRL enables preparers to 
integrate different corporate aspects and address the interests of a wide range of stakeholders 
in understanding the long-term financial, social and environmental success of companies.  
7.1.3.4 How can XBRL promote alignment across existing disclosure regimes?  
XBRL can help alignment between different reporting frameworks since it is able to represent 
relationships between different reporting models. This means that XBRL enables the generation 
of a coherent framework for climate-related financial disclosures using elements of information 
that can be found in recognised financial, risk management and environmental frameworks that 
use XBRL, such as IFRS and US GAAP (Accounting), Basel III (Banking), Solvency II (Insurance), 
CDP and GRI frameworks. This can improve the consistency of climate-related data across 
disclosure frameworks, reduce the reporting burden for preparers, and facilitate the data 
interpretation by the users. As an example, the climate exposure of a bank’s lending portfolio is 
likely to require the detailed and granular data of its lending portfolio25. This is already reported 
for banking supervision in Europe. The characterisation of a few more climate-relevant aspects 
associated with each loan, for example by the economic activities code like the NACE26 codes, 
could facilitate the generalised assessment of the climate exposure of banks to high-carbon and 





25 Example of breakdowns by the European Banking Authority:  
https://www.eba.europa.eu/documents/10180/1028653/ITS+on+Supervisory+reporting.pdf/9212b4e7-37a14bbf-
8409-2cc450d8513e  
26 Nomenclature of Economic Activities is the European statistical classification of economic activities.  For a 
review of those taxonomies check 2ii paper on “Decree implementing Article 173.vi of the French Law for 
Energy Transition – Challenges and first recommendations”.  
 




7.1.3.5 How can XBRL facilitate useful, consistent, comparable, reliable, clear, 
and efficient disclosure?  
Standardisation is key to facilitate the exchange of information, formalising technical 
requirements to ensure the quality of the information. Through data standardisation in an open 
digital format, XBRL can help enhance data quality and data analysis through:   
1) An open mechanism to represent contextualised business facts under defined 
business requirements (presentation, period, legal references, calculation) and data 
quality;  
2) Enabled data-driven decision management, given the detail of the data 
represented;   
3) Improved accessibility and integration of the information to any application or 
management process, as it is an open standard; and  
4) Standardised validation and comparability of information.  
As an example, XBRL can be used as a means to implement existing taxonomies characterising 
high-carbon/low-carbon products and assets5 which, coupled with granular revenue data, can 
facilitate the automatic analysis of current and future exposure to the low-carbon transition.  
7.1.3.6 How can XBRL support the evolution of information systems for climate 
risk-related financial disclosure?  
XBRL allows information to be accessible to any application for data processing and analysis for 
quick and easy calculations, rankings, benchmarking, and comparisons.  These are required 
features to build better Information Systems for sustainability. The use of XBRL by Information 
Systems represents progress towards the improvement of internal processes at strategic, 
management and operational level inside companies. Financial and non-financial reporting 
initiatives trust XBRL as the best way to standardise, exchange and validate the information that 
they manage. Thus, Information Systems using XBRL can respond to stakeholder demands in 
areas of financial and environmental sustainability, from the step of initial data preparation, 
subsequent disclosure through to effective data-driven management.    
 





The use of XBRL for non-financial reporting by Information Systems is not happening yet. One 
reason for this is that XBRL is still in the initial implementation stage for some non-mandatory 
initiatives and there is a lack of action to move XBRL towards the potential audiences. For 
example, CDP and GRI have been publishing their XBRL taxonomies to the public since 2012 and 
2010 respectively, however, they have not yet evolved their systems to be able to accept, 
validate or publish information in XBRL or other open data standards. XBRL, like any other data 
standard, needs the engagement of the open and private software community to develop tools 
and Information Systems to bring the benefits and value of XBRL to companies and their 
stakeholders, including investors, governments, suppliers and academics. CDP is currently taking 
further actions, such as updating its annual taxonomies, evolving its reporting system, and 
working more closely with the software community and their stakeholders on their use of XBRL 
as a way to increase the adoption of its data.  
  
7.1.4 Conclusions  
The TCFD has a clear mandate from governments, companies and investors to improve the 
disclosure landscape so that they can better manage climate-related financial risks. However, 
several challenges have to be addressed to increase the use of climate-related information for 
the purposes of financial and corporate decision making. Decisions depend on information, and 
XBRL provides a mechanism to drive and strengthen data-driven decision making that is inclusive 
of climate and financial aspects, thereby overcoming the pending challenges on climate-related 
financial reporting. It offers the following benefits:  
1) It connects the environmental and financial information models, increasing their 
significance for the purpose of decision making;  
2) It reduces the costs of reporting, enabling data to be consistent, structured and 
usable across different existing disclosure regimes;  
 




3) It improves data quality, facilitates data validation, allows for comparisons 
against external data, and provides more transparency in financial and extra-financial 
reporting; and  
4) It enhances the usefulness of the information, which supports better information 
systems to drive short and long-term decisions.  
The inclusion of XBRL as a key digital reporting technology within the TCFD recommendations 
could provide both a potential mechanism to overcome existing challenges and maximise the 
future development of a sustainable economy by providing a better picture of the financial risks 
associated with climate change and other sustainability matters, strengthening the dialogue 
between companies and shareholders and evolving it to include a broader set of stakeholders, 
including global public opinion.  
7.2 Using XBRL for representing the CDP environmentaldata: insights 
and modelling decisions  
 
7.2.1 Motivation  
The development of the CDP taxonomy has been part of the innovation strategy to better utilise 
CDP data in business strategies and operations. It represents a starting point for organisations to 
create value using digital reporting standards and help incorporate Climate Change data into 
decision making.  
The following sections explain (1) how the 2016 Climate Change questionnaire is modelled and 
its requirements, and (2) the technical implementation in XBRL format. 
7.2.2 Data modelling:  2016 climate change questionnaire technical 
requirements 
 
This section details technical aspects required by the 2016 Climate Change questionnaire, 
regarding data modelling and business rules. The purpose of this section is to provide a better 
understanding of the technical basis of CDP’s questionnaires for early adopters. The taxonomy 
 




was created using the Fujitsu XWand Taxonomy Editor software27 and the methodology followed 
was described in section 2.2. 
 
The 2016 Climate Change questionnaire is composed of a set of common questions valid for any 
sector-related company, and specific questions for the following sectors:  
(1) Electric Utility  
(2) Auto and Auto Component Manufacture 
(3) Oil and Gas 
(4) Information and Communications Technology 
(5) Food, Beverage and Tobacco 
 
The design of the questionnaire implies six different entry points to deal with Climate Change 
data depending on the sector-related company (Figure 19).  As this was a pilot study, only the 
Common Module and Oil and Gas (sector module) have been implemented.  
 
 
Figure 19. 2016 Climate Change entry points 
 
27 Fujitsu Xwand Taxonomy Editor: https://www.fujitsu.com/global/products/software/middleware/application-
infrastructure/interstage/xbrltools/downloadbiz21.html [Accessed August 2019] 
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7.2.2.1 Core Module (related to all sectors) 
The core module is composed of a set of modules: General information, Management, Risk and 
Opportunities and Emissions.  Each module consists of a set of sections that are addressed by 
different questions, which is represented in the following diagram (Figure 20): 
 
 
CC2.1 Please select the option that best describes your risk management procedures with regard 
to climate change risks and opportunities 
CC2.1a Please provide further details on your risk management procedures with regard 
to climate change risks and opportunities 
CC2.1b Please describe how your risk and opportunity identification processes are 
applied at both company and asset level 
CC2.1c How do you prioritize the risks and opportunities identified? 
CC2.1d Please explain why you do not have a process in place for assessing and managing 
risks and opportunities from climate change, and whether you plan to introduce such a 









































Risk Management Approach 
Business Strategy 
Engagement with Policy Makers 
Figure 20. Climate Change questionnaire structure 
 

























































CC5. Climate Change 
Risks 
Risk  CC5.1 






Base Year CC7.1 
Methodology 
CC7.2, CC7.2a, CC7.3, 
CC7.4  
CC8. Emissions data 
Boundary CC8.1 
Scope 1 and 2 
Emissions data 
CC8.2, CC8.3, CC8.4, 
CC8.4a 
Data Accuracy CC8.5 
 












Sequestered Carbon  
CC8.9 
CC9. Scope 1 
Emissions 
Breakdown  
Scope 1 Emissions 
Breakdown 
CC9.1, CC9.1a, CC9.2,  
CC9.2a, CC9.2b, 
CC9.2c, CC9.2d 
CC10. Scope 2 
Emissions 
Breakdown 
Scope 2 Emissions 
Breakdown 
CC10.1, CC10.1a, 
CC10.2,  CC10.2a, 
CC10.2b, CC10.2c 















CC13.1b, CC13.2,  
CC13.2a 
CC14. Scope 3 
emissions  






Table 6. Climate Change Questionnaire 2016 (common module skeleton) 
7.2.2.2 Sector specific modules – Oil and Gas 












OG0. Reference Information OG0.1 
OG1. Production and reserves by 
hydrocarbon types 
OG1.1, OG1.2, OG1.3, OG1.4, OG1.5, 
OG1.6, OG1.6a, OG1.6b, 
OG2. Emissions by segment in the 
O&G value chain 
OG3. Scope 1 emissions by emissions 
category 
OG2.1, OG2.2, OG2.3, OG2.4 
OG3.1, OG3.2, OG3.3, OG3.4 
OG4. Transfers and sequestration of 
CO2 emissions 
 
OG4.1, OG4.2, OG4.3, OG4.4, OG4.5, 
OG4.6, OG4.7, OG4.8, OG4.9 
OG5. Sales and emissions intensity 
 
OG5.1, OG5.2, OG5.3 
OG6. Development strategy OG6.1, OG6.2, OG6.3 
OG7. Methane from the natural gas 
value chain 
OG7.1, OG7.2, OG7.3, OG7.3a, OG7.3b, 
OG7.4, OG7.5, OG7.6, OG7.6a, OG7.7, 
OG7.7a, OG7.7b 
Table 7. Oil and Gas sector specific module skeleton 
7.2.2.3 Disclosure pathway (lead and led disclosures)  
The Climate Change questionnaire uses specific functionality to guide preparers of information 
through its disclosure. We call this functionality the “disclosure pathway”, as it indicates the path 
that a preparer should follow during the disclosure process. The advantages of this approach 
are:  
• It indicates the order and dependencies between data points;  
• It guides the preparer during the disclosure process;  
• It allows construction of data structures, transcending from high‐level to the 
detailed-level;  
• It speeds up the evaluation of the final report. 
Figure 21 illustrates the questionnaire’s pathway:   
 






For example, to answer the question 8.6a or 8.6b, question 8.6 must be answered first: 
“whether the GHG emissions have been verified (yes or no)”. This type of disclosure is called a 
“lead disclosure” due to the influence it has on subsequent questions to be answered, i.e. 8.6a 
or 8.6b, which is called “led disclosure”.  A “yes” response to “lead disclosure” 8.6 will lead to 
“led disclosure” 8.6a and “no” will lead to “led disclosure” 8.6b. 
  
7.2.2.4 Enumeration list/list of values  
The Climate Change questionnaire uses the “list of values” structure in order to facilitate the 
analysis of textual data. It is important to note that these structures are normally reused during 
the course of the questionnaire. 
In Figure 22, we present an enumeration structure illustrated by question OG3.1, where the 
element Segment, is a list composed of five values: (1) exploration, production and gas 
processing; (2) storage, transportation and distribution; (3) speciality operations; (4) refining; (5) 
retail and marketing. 
 
Figure 21.Question pathway 
 






Figure 22. Example of enumeration structure in CDP questionnaire 
 
7.2.2.5 Validation rules 
The Climate Change questionnaire requires validations rules in order to ensure completeness 
and data consistency. It requires two different type of validations: 
1. Some data fields must be reported with appropriate information and cannot be left blank, 
such as question CC1.1.  
2. Some data fields must comply with arithmetical relationships. For example, the sum of 
the values provided for the fuel breakdown (question CC11.3 column 2) must be equal to 
the sum of values provided for all energy types (question CC11.2 column 2).  
 
7.2.2.6 Units 
The Climate Change questionnaire requires data in different units: 
• Energy type: MWh, GWh, BOE 
• Mass type: Metric tonnes CO2e 
• Monetary type: USD, EUR 
• Power type: MW 
• Area type: m² 
 
Data input by the user in these fields must comply with the stipulated units.  
 
7.2.2.7 Additional information: Attached external document  
Some questions require additional information in the form of attached documents such as the 
question CC7.4 presented in Figure 23.  
 





Figure 23. Example of attached document structure 
 
These types of questions try to facilitate the traceability and authenticity of the information 
provided, which are useful for verification and assurance purposes. 
 
7.2.3 Modelling CDP concepts in XBRL 
7.2.3.1 Summary of the taxonomy 
The Climate Change Taxonomy contains a dictionary with 2030 elements distributed as follows: 
 
Common module: 
Reporting items: 222 
Presentation items: 322 
Dimensional structures: 87 
List of values/ Enumerations: 848 
List of regions: 50 
List of countries: 235 
 
Oil and Gas module: 
Reporting items: 75 
Presentation items: 65 
Dimensional structures: 36 
List of values/ Enumerations: 90 
 
 




This number of elements is sufficient to cover a complete Climate Change Report and Oil and 
Gas module, according to 2016 Climate Change questionnaire.  
 
7.2.3.2 Data dictionary model 
For each element of the data dictionary, the following definitions can be found: 
• Semantic name of the concept. This name is composed of characters and will be the 
denomination, in the form of a label, which will be employed in the XBRL reports.  
The name is assigned a unique identifier called a ‘namespace’.  Different concepts cannot 
have identical names.  
• Metadata identifier, which is defined uniquely, both for the data dictionary and for the 
Discoverable Taxonomy Set (DTS). For this, a chain is employed that includes the prefix 
employed for the namespace. 
• Data type. This defines the type of data that the label will include. It is possible to choose 
a data type defined in the type-definition of the XBRL specification or one from the field 
defined by the XML Schema. 
• State of aggregation. This characteristic is used to define whether the element is 
considered on its own (an item) or together with other elements (a tuple).  
• State of definition. This indicates if the element has all the characteristics and types 
completely defined. If it is not complete, it is defined as an abstract element. 
• Form of measurement. The value included in a label of the Climate Change report in XBRL 
can be considered as the measurement made at one moment in time or for a specified 
period. 
7.2.3.2.1 Data model for the presentation linkbase 
The presentation linkbase contains the relationships existing between the elements within the 
data dictionary, with the purpose of enabling the elements grouped together by extended links 
 




to be represented hierarchically. Table 8 and 9 present the correspondences between the 
presentation linkbase and the Core and Oil and Gas framework. 
A. Core module 
 
General information   
Presentation Linkbase CDP information request  
[00000000] General information about the 
report  







Presentation Linkbase CDP information request  
[01000000] Disclosure of governance  
Section CC1. Governance 
Group and Individual Responsibility: CC1.1, CC1.1a 
Individual performance: CC1.2, CC1.2a 
[02000000] Disclosure of strategy Section CC2. Strategy 
Risk Management Approach: CC2.1, CC2.1a, 
CC2.1b, C2.1c, cc2.1d 
Business Strategy: CC2.2, CC2.2a, CC2.2b 
Engagement with Policy Makers: CC2.3, CC2.3a, 
CC2.3b, CC2.3c, CC2.3d, CC2.3e, CC2.3f, CC2.3g, 
CC2.3h, CC2.3i       
[03000000] Disclosure of targets and 
initiatives  
Section CC3. Targets and Initiatives 
Targets: CC3.1, CC3.1a, CC3.1b, CC3.1c, CC3.1d, 
CC3.1e, 
Emission Reduction Initiatives: CC3.2, CC3.2a, 
CC3.3, CC3.3a, CC3.3b, CC3.3c, CC3.3d 
[04000000] Disclosure of communication 
Section CC4. Communication 
Communication: CC4.1  
   
     
Risks and Opportunities  
 




Presentation Linkbase CDP information request  
[0500000] Disclosure of Climate Change risks 
Section CC5. Climate Change risks 
Climate Change risks: CC5.1 
[0600000] Disclosure of Climate Change 
opportunities 
Section CC6. Climate Change opportunities 




Presentation Linkbase CDP information request  
[0700000] Disclosure of emission methodology 
Section CC7. Emissions Methodology 
Base year:  CC7.1 
Methodology: CC7.2, CC7.2a, CC7.3, CC7.4  
 
 
[0800000] Disclosure of emission data 
Section CC8.Emissions Data 
Boundary: CC8.1 
Scope 1 and 2 Emissions data: CC8.2 , CC8.3, 
CC8.4, CC8.4a 
Data accuracy: CC8.5,  
External Verification or Assurance: CC8.6, 
CC8.6a, CC8.6b, CC8.7, CC8.7a, CC8.8 
Carbon Dioxide Emissions from Biologically 
Sequestered Carbon: CC8.9, CC8.9a 
 
[0900000] [1000000]  Disclosure of scope 1 and 
Scope 2 emissions  breakdowns 
Section CC9. Scope 1 Emissions Breakdown 
Scope 1 Emissions Breakdown: CC9.1, CC9.1a, 
CC9.2, CC9.2a, CC9.2b, CC9.2c, CC9.2d, CC9.2e, 
Section CC10. Scope 2 Emissions Breakdown  
Scope 2 Emissions Breakdown: CC10.1, 
CC10.1a, CC10.2, CC10.2a, CC10.2b, CC10.2c, 
CC10.2d 
[1100000] Disclosure of energy 
Section CC11. Energy 
Energy: CC11.1, CC11.2, CC11.3, CC11.4 
[1200000] Disclosure of emissions performance 
Section CC12. Emissions Performance 
Emissions History: CC12.1, CC12.1a 
Emissions Intensity: CC12.2, CC12.3, CC12.4 
[1300000] Disclosure of emissions trading  
Section CC13. Emissions Trading  
Emissions Trading: CC13.1, CC13.1a, CC13.1b, 
CC13.2, CC13.2a 
 




[1400000] Disclosure of Scope 3 emissions 
Section CC14. Scope 3 Emissions 
Scope 3 emissions: CC14.1, CC14.2, cc14.2a, 
CC14.3, CC14.3a, CC14.4, CC14.4a, CC14.4b, 
CC14.4c, CC14.4d    
Table 8. Correspondence between presentation linkbase and Core module framework 
B. Oil and Gas module 
 
Oil and Gas module  
Presentation Linkbase CDP information request  
[OG00000000] Disclosure of reference 
information  
Section OG0: Reference information 
OG0.1 
[OG01000000] Disclosure of production and 
reserves of hydrocarbon 
Section OG1: Production & reserves by 
hydrocarbon type 
OG1.1, OG1.2, OG1.3, OG1.4, OG1.5, OG1.6, 
OG1.6a, OG1.6b, 
[OG02000000] Disclosure of emissions by 
segment in the Oil and Gas value chain  
Section OG2: Emissions by segment in the O&G 
value chain 
OG2.1, OG2.2, OG2.3, OG2.4 
[OG03000000] Disclosure of scope 1 
emissions category 
Section OG3: Scope 1 emissions by emissions 
category 
OG3.1, OG3.2, OG3.3, OG3.4 
[OG04000000] Disclosure of transfers and  
sequestrations of CO2 emissions 
 
Section OG4: Transfers & sequestration of CO2 
emissions 
OG4.1, OG4.2, OG4.3, OG4.4, OG4.5, OG4.6, 
OG4.7, OG4.8, OG4.9 
[OG05000000] Disclosure of sales and 
emissions intensity 
Section OG5: Sales and emissions intensity 
OG5.1, OG5.2, OG5.3 
[OG06000000] Disclosure of development 
strategy 
Section OG6: Development strategy 
OG6.1, OG6.2, OG6.3 
[OG07000000] Disclosure of methane from 
the natural gas value chain 
Section OG7: Methane from the natural gas value 
chain 
OG7.1, OG7.2, OG7.3, OG7.3a, OG7.3b, OG7.4, 
OG7.5, OG7.6, OG7.6a, OG7.7, OG7.7a, OG7.7b 
Table 9. Correspondences between presentation linkbase and Oil and Gas module framework 
 
 




7.2.3.2.2 Data model for the definition linkbase 
The definition linkbase contains the relationships between the concepts and dimensional 
structures to define each table. 
 
A. Common module 
 
General information   
Presentation Linkbase Definition Linkbase  
[00000000] General information about the 
report  [00100000] Disclosure of person responsible for 




Presentation Linkbase Definition Linkbase 
[01000000] Disclosure of governance  [01200000a] Disclosure of incentives 
[02000000] Disclosure of strategy [02300000a] Disclosure of direct activities policy 
makers 
[02300000c] Disclosure of trade associations with 
position on climate change legislation   
[03000000] Disclosure of targets and 
initiatives  
[03100000a] Disclosure of absolute targets 
[03100000b] Disclosure of intensity targets 
[03100000c] Disclosure of renewable energy 
consumption production target 
[03200000a] Disclosure of products service low 
carbon  
[03300000a] Disclosure of emission reduction 
projects and estimated reduction 
[03300000b] Disclosure of emission reduction 
initiatives in reporting period 
[03300000c] Disclosure of methods used to drive 
investments in emission reduction activities 
 
[04000000] Disclosure of communication [04100000] Disclosure of type of publications  
 




   
     
Risks and Opportunities  
Presentation Linkbase Definition Linkbase 
[0500000] Disclosure of Climate Change risks 
[05100000abc] Disclosure of information on 
climate change risks 
[0600000] Disclosure of Climate Change 
opportunities 
[06100000abc] Disclosure of information on 
climate change opportunities 
  
 Emissions  
Presentation Linkbase Definition Linkbase  
[0700000] Disclosure of emission methodology 
[07100000] Disclosure of base year emissions 
[07200000] Disclosure of standards, protocols 
or methodologies used to collect activity data 
and calculate scope 1 and 2 emissions 
[07300000] Disclosure of global warming 
potentials used 
[07400000] Disclosure of emission factors used 
[0800000] Disclosure of emission data 
[08200000] Disclosure of total gross scope 1 
and scope 2 emission data 
[08400000a] Disclosure of greenhouse gas 
inventory exclusions 
[08500000] Disclosure of uncertainty scope 1 
and scope 2 emission data 
[08600000a] Disclosure of detailed information 
on verification or assurance applicable to scope 
1 and scope 2 emissions  
[08600000b] Disclosure of the regulatory 
regime specifying the use of Continuous 
Emissions Monitoring Systems 
[08800000] Disclosure of information on 
verification assurance of additional data points 
other than emissions figures 
[09000000][10000000] Disclosure of scope 1 
and scope 2 emissions breakdowns 
 
[09100000a] [10100000a] Disclosure of scope 
1 and scope 2 emissions breakdown by 
country and region  
[09200000a][10200000a] Disclosure of scope 1 
and scope 2 emissions breakdown by business 
division 
 




[09200000b][10200000b] Disclosure of scope 1 
and scope 2 emissions breakdown by facility 
[09200000c] Disclosure of scope 1 emissions 
breakdown by greenhouse gas 
[09200000d][10200000c] Disclosure of scope 1 
and scope 2 emissions breakdown by activity 
[10100000a] Disclosure of energy consumption 
associated with scope 2 emissions breakdown 
by country and region 
[1100000] Disclosure of energy 
[11200000] Disclosure of energy 
[11300000] Disclosure of fuel consumption 
[11400000] Disclosures on accounting 
practices of low carbon electricity, heat, steam 
or cooling in scope 2. 
[1200000] Disclosure of emissions performance 
[12100000a] Disclosure of reasons for change 
in gross global emissions 
[12200000][12300000] Disclosure of emissions 
intensity 
[1300000] Disclosure of emissions trading  
[13100000a] Disclosure of information on 
participation in emissions trading schemes 
[13200000a] Disclosure of use of project-based 
carbon credits within reporting period 
[1400000] Disclosure of Scope 3 emissions 
[14100000] Disclosure of scope 3 emissions by 
category 
[14200000a] Disclosure of scope 3 verification 
[14300000a] Disclosure of changes in absolute 
scope 3 emissions compared to previous 
reporting period  
[14400000c] Disclosure of how GHG emissions 
and climate change strategy data from 
suppliers is used 
 
Table 10. Definition linkbase – Common module 
 
This linkbase also contains the definition of the list of values structures using Extensible 
Enumerations; see section 6.2.3.5 for more detail about the use of Extensible enumerations.  
 
List of values structures   - Extensible Enumerations 
 





[99000001] Type of beneficiary [Enumeration]  
[99000002] Type of incentives [Enumeration] 
[99000003] Type of highest level of responsibility [Enumeration] 
[99000004] Type of timeframe [Enumeration] 
[99000006] Type of engagement activities legislation [Enumeration] 
[99000007] Type of engagement activities policy makers [Enumeration] 
[99000008] Type of consistency position between entity and trade association [Enumeration] 
[99000009] Type of frequency risk and opportunities [Enumeration] 
[99000005] Type of addressee reports [Enumeration] 
[99000011] Type of metrics [Enumeration] 
[99000012] Type of direction [Enumeration] 
[99000013] Type of emissions reduction activities [Enumeration] 
[99000014] Type of payback period [Enumeration] 
[99000015] Type of method used to drive investment in reduction [Enumeration] 
[99000016] Type of publications [Enumeration] 
[99000018] Type of potential impact [Enumeration] 
[99000019] Type of direct / indirect [Enumeration] 
[99000020] Type of likelihood [Enumeration] 
[99000021] Type of magnitude impact [Enumeration] 
[99000058] Type of risks  [enumeration] 
[99000057] Type of risks drivers [enumeration] 
[99000056] Type of opportunities drivers [enumeration] 
[99000059] Type of opportunities  [enumeration] 
[99000060] Type of potential impacts  [enumeration] 
[99000055] Type of timeframe [enumeration] 
[99000022] Type of standard, protocol or methodology used to collect activity data and calculate 
scope 1 and 2 emissions [enumeration] 
[99000023] Type of Greenhouse gas [enumerations] 
[99000024] Type of Greenhouse gases global warming potentials references [enumeration] 
[99000025] Type of materials, fuels and electricity [enumeration]  
[99000026] Type of unit, numerator [enumeration] 
[99000027] Type of unit, denominator [enumeration]  
[99000028] Type of materials, fuels and electricity [enumeration] 
[99000029] Type of greenhouse gas inventory boundary [enumeration] 
[99000030] Type of uncertainty range [enumeration] 
[99000032] Type of verification or assurance status applicable to scope 1 emissions 
[enumeration] 
[99000033] Type of verification or assurance [enumeration] 
[99000034] Type of relevant standard [enumeration] 
[99000035] Type of regulation [enumeration] 
[99000036] Type of additional data points verified [enumeration] 
[99000037] Country [enumeration] 
 




[99000038] Region [enumeration] 
[99000040] Type of fuel [enumeration] 
[99000041] Type of basis for applying a low carbon emission factor [Enumeration] 
[99000042] Type of energy [enumeration] 
[99000043] Type of reason for change [enumeration]  
[99000045] Type of evolution [enumeration]  
[99000046] Type of emissions trading schemes [enumeration] 
[99000047] Type of ownership [enumeration] 
[99000048] Type of project carbon credit 
[99000049] Type of verified to standard carbon credit 
[99000050] Type of purpose carbon credit 
[99000051] Type of scope 3 emissions categories [enumeration] 
[99000054] Type of use of GHG emissions and climate change strategy data from suppliers 
[enumeration] 
[99000052] Type of engagements  with elements of value chain on GHG emissions and climate 
change strategies [enumeration] 
[99000053] Type of ability to compare Scopes emissions for the reporting year with those of 
previous year [enumeration] 
[99000055] Type of methods used to drive investment in emission reduction activities 
[enumeration] 
[99000017] Type of risk management procedures related to climate change risks and 
opportunities [enumeration] 
[99000062] Relevance of exclusions [enumeration] 
[99000063] Scope 3 Evaluation Status [enumeration] 
[99000064] Type of Incentivized Performance Indicator [enumeration]  
[99000065] Type of reason for not having a process in place for assessing and managing risks 
and opportunities from climate change [enumeration] 
[99000066] Science target enumeration 
[99000067] Use internal price carbon [enumeration] 
[99000069] Type of energy [enumeration] 
[99000070] Type of responses [enumeration] 
[99000080] Type of aggregations [enumeration] 
[99000081] Type of responses low carbon [enumeration] 
[99000082] Type of projects, methodologies low carbon [enumeration] 
[99000083] Type of R&D carbon products [enumeration] 
[99000084] Type of publication status [enumeration] 
[99000085] Type of scopes emissions methodology [enumeration] 
[99000086] Type of cycles [enumeration] 
[99000087] Type of status verification [enumeration] 
[99000088] Type of scope 2 emissions to base emissions performance calculations 
[enumeration] 
[99000089] Type of source of scope 3 emissions [enumeration] 
[99000090] Lifetime initiative [enumeration] 
 




[99000091] Stage of development [enumeration] 
[99000092] Operational spend on energy [enumeration] 
[99000093] Carbon credit origination or carbon purchase [enumeration] 
[99900000] Adimensional 
[99000094] Type incentivized performance indicator [enumeration] 
[99000095] Type scope emissions [enumeration] 
[99000096] Type disclosure [enumeration] 
[99000097] Type source uncertainty [enumeration] 
Table 11. Extensible enumerations within the definition linkbase 
B. Oil and Gas module 
 
Oil and Gas module  
Presentation Linkbase Definition Linkbase 
[OG00000000] Disclosure of reference 
information  
 
[OG01000000] Disclosure of production 
and reserves of hydrocarbon 
[OG01200000] Disclosure of gross and net production 
of hydrocarbon 
[OG01300000] Disclosure of reserves of hydrocarbon 
[OG01500000] Disclosure of breakeven cost 
hydrocarbon reserves 
 
[OG02000000] Disclosure of emissions by 
segment in the Oil and Gas value chain  
[OG02100000] Disclosure of consolidation basis used 
to report the Scope 1 and Scope 2 by segment in the 
O&G value chain 
[OG02300000] Disclosure of masses of gross Scope 1 
broken down by value chain segment 
[OG02400000] Disclosure of masses of gross Scope 2 
broken down by value chain segment 
 
 
[OG03000000] Disclosure of scope 1 
emissions category 
[OG03100000] Disclosure of consolidation basis used 
to report the Scope 1 and Scope 2 by category 
[OG03300000]  Disclosure of masses of gross Scope 1 
released into the atmosphere for the whole 
organisation broken down by emissions category 
 
[OG04000000] Disclosure of transfers and 
sequestrations of CO2 emissions 
 
[OG04700000] Disclosure of gross CO2 captured for 
purposes of carbon capture and sequestration 
 




[OG04800000] Disclosure of masses CO2 injected and 
stored for purposes of CCS 
 
 
[OG05000000] Disclosure of sales and 
emissions intensity 
[OG05100000] Disclosure of hydrocarbon types 
[OG05200000] Disclosure of estimated emissions 
intensities (Scope 1 + Scope 2) 
 
[OG06000000] Disclosure of development 
strategy 
[OG06100000] Disclosure of strategic development 
area providing financial information 
[OG06200000] Disclosure of future capital 
expenditure plans for different strategic development 
areas 
[OG06300000] Disclosure of current expenses in 
Research and Development and future expenses 
 
[OG07000000] Disclosure of methane from 
the natural gas value chain 
[OG07100000] Disclosure of consolidation basis 
[OG07400000] Disclosure of methane emissions 
inventory estimated 
[OG07500000] Disclosure of methane emissions rate 
 
 
List of values structures  - Extensible Enumerations 
Definition Linkbase 
[OG09900001] Type of petroleum industry [enumeration] 
[OG09900002] Type of hydrocarbon [enumeration] 
[OG09900003] Type of consolidation boundary [enumeration] 
[OG09900004] Type of status [enumeration] 
[OG09900005] Type of segment [enumeration] 
[OG09900006] Type of emissions category [enumeration] 
[OG09900007] Type of capture pathway in CCS [enumeration] 
[OG09900008] Type of injection and storage pathway [enumeration] 
[OG09900009] Type of strategic development area [enumeration] 
[OG09900010] Type of proportion [enumeration]  
[OG09900011] Type of areas [enumeration] 
[OG09900012] Type of methane emissions methodology [enumeration] 
 
Table 12. Definition linkbase - Oil and Gas module 
 




7.2.3.2.3 Data model for the Reference Linkbase 
The Reference Linkbase contains the relationships between the elements of the data dictionary 




Use in the taxonomy  
Publisher  Publisher of the reference material, such as {CDP}  
Paragraph Question unique identifier, e.g. CC0.1 
Note Question description, e.g. Provide a general introduction to your organisation 
and operations, summarizing the GHG emissions inventory. 
URI   Full URI of the reference document, e.g. 
https://www.cdp.net/Documents/Guidance/2016/CDP-2016-Climate-Change-
Reporting-Guidance.pdf   
Table 13. Reference linkbase 
7.2.3.2.4 Data model for the Formula Linkbase 
The Formula Linkbase contains the relationships to define mathematical rules for validation.  
The use of formulas in this taxonomy provides sophisticated validations constraints, with a full 
set of mathematical functions. 
 
7.2.3.3 Modularity 
As illustrated in Figure 24 below, the Climate Change taxonomy is organised logically. This 
version contains two schema files to serve as entry points: the Common Module (cdp-cc-2016-
08-30.xsd) and Oil and Gas Sector Specific Module (cdp-og-2016-08-30.xsd).  
  
 





Figure 24. Climate Change Taxonomy physical architecture 
 




Dimensions 1.028 enriches rules and procedures for constructing dimensional taxonomies and 
therefore instance documents. Taxonomies using the Dimensions specification can define 
new dimensional contexts, specifying valid values (”domains”) for dimensions, using a 
mechanism called a hypercube to define which dimensions apply to which business concept. 
There are two types of dimensions: 
• Explicit dimensions: These have a fixed number of dimension members. For example, 
in a two-dimensional table, the number of row and columns are known. 
• Typed dimensions: the number of dimension members is unknown. For example, in a 
two-dimensional table, it means that the number of columns is known, but the 
number of rows depends on user reporting needs. 
In this taxonomy, typed dimensions are the only ones implemented.  
7.2.3.5 Extensible Enumerations    
Extensible Enumerations allow the definition of the list of values for primary reporting 
concepts. It allows: 
- The creation of enumeration values in each language; 
- The creation of a list of value structures that can be reused; 
- Disclose facts with multi-valued enumerations (new in Extensible Enumeration 1.1). 
This taxonomy uses extensible enumerations 1.1 29 (proposed recommendation 8th February 
2017) to include and reuse the list of values concepts in dimensional structures.  
The following is an example of a list of values for “Highest level of responsibility for climate 
change within entity”: 
- Individual / Sub-set of the Board or other committee appointed by the Board 
 
28 http://www.xbrl.org/specification/dimensions/rec-2012-01-25/dimensions-rec-2006-09-18+corrected-
errata-2012-01-25-clean.html  [Accessed August 2019] 
29 https://www.xbrl.org/Specification/extensible-enumerations-1.1/PR-2017-02-08/extensible-enumerations-
1.1-PR-2017-02-08.html [Accessed August 2019] 
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- Senior Manager / Officer 
- Other Manager / Officer 
- No individual or committee with overall responsibility for climate change 











30/ELR/TypeHighestLevelResponsability " nillable="true" 
xbrli:periodType="duration"/> 




nList" type="xbrli:stringItemType" substitutionGroup="xbrli:item" 
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Definition of the list of values – (cdp-def-9900003-2016-08-30.xml):  
 
7.2.3.6 Formulas 
Formulas 1.0 30 are designed to define validation rules. This taxonomy uses formulas in order 
to check that the content of the report is valid.  
This taxonomy uses two types of rules valid\ations: Existence and Value Assertion.  
Existence rules are used to control the completeness of the report. These rules evaluate 
whether specific data are completed or not. For example: 
 
30 http://www.xbrl.org/wgn/xbrl-formula-overview/pwd-2011-12-21/xbrl-formula-overview-wgn-pwd-2011-12-21.html  
Disclosure of risk management procedure related to climate change risks and opportunities.  
“[MUST] This information must be reported” 
<link:definitionLink xlink:type="extended" xlink:role=" http://cdp-
xbrl.net/2016-08-30/ELR/TypeHighestLevelResponsability"> 


















    <link:loc xlink:type="locator" xlink:href="../enumerations/cdp-enum-
2016-08-30.xsd#cdp-enum_OtherManagerOfficer" 
xlink:label="OtherManagerOfficer" xlink:title="OtherManagerOfficer"/> 
    <link:definitionArc xlink:type="arc" 
xlink:arcrole="http://xbrl.org/int/dim/arcrole/domain-member" 
xlink:from="HighestLevelDirectResponsabilityClimateChangeEntityEnumerationLi










Figure 25. Enumeration concept - list of values definition 
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Value Assertion rules are used to ensure the consistency of the report. These rules check 






   <variable:variableFilterArc xlink:type="arc" 
xlink:arcrole="http://xbrl.org/arcrole/2008/variable-filter" 
xlink:from="factVariable_23" xlink:to="conceptName_20" xlink:title="user-
defined: factVariable to conceptName" order="1.0" complement="false" 
cover="true"/> 
    <msg:message xlink:type="resource" xlink:label="message_7" 
xlink:role="http://www.xbrl.org/2010/role/message" xlink:title="message" 
xml:lang="en" id="label_27">The value of Disclosure of risk management 
procedures related to climate change risks and opportunities 
[enumeration][lead disclosure] to be completed.</msg:message> 
    <gen:arc xlink:type="arc" 
xlink:arcrole="http://xbrl.org/arcrole/2010/assertion-unsatisfied-message" 
xlink:from="existenceAssertion_11" xlink:to="message_7" xlink:title="user-
defined: existenceAssertion to message" order="1.0"/> 
    <ea:existenceAssertion xlink:type="resource" 
xlink:label="existenceAssertion_12" xlink:title="existenceAssertion" 
id="existenceAssertion12" aspectModel="dimensional" implicitFiltering="true" 
test=". &gt; 0"/> 
    <variable:factVariable xlink:type="resource" xlink:label="factVariable_24" 
xlink:title="factVariable" id="factVariable_21" bindAsSequence="false"/> 
    <variable:variableArc xlink:type="arc" 
xlink:arcrole="http://xbrl.org/arcrole/2008/variable-set" 
xlink:from="existenceAssertion_12" xlink:to="factVariable_24" 
xlink:title="user-defined: existenceAssertion to factVariable" order="1.0" 
name="DisclosureRiskManagementProceduresRelatedClimateChangeRisksOpportunities
LeadDisclosure"/> 
    <cf:conceptName xlink:type="resource" xlink:label="conceptName_21" 
xlink:title="conceptName" id="conceptName_14"> 
      <cf:concept> 
        
<cf:qname>cdp:DisclosureRiskManagementProceduresRelatedClimateChangeRisksOppor
tunitiesLeadDisclosure</cf:qname> 
      </cf:concept> 
    </cf:conceptName> 
 
Scope 1 emissions = ∑(Scope 1 emission per region/country) 
 
Scope 2 emissions = ∑(Scope 2 emission per region/country)       
       
Figure 26.Formulas - example of existence rule definition 
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implicitFiltering="true" test="abs( $EmissionValueGrossCO2e -sum( 
$GrossValueByCountryRegionCO2e )) &lt;=  $threshold "/> 
    <gen:arc xlink:type="arc" 
xlink:arcrole="http://xbrl.org/arcrole/2008/assertion-set" 
xlink:from="assertionSet" xlink:to="valueAssertion_3" 
xlink:title="user-defined: assertionSet to valueAssertion" 
priority="0" order="2.0"/> 
    <msg:message xlink:type="resource" xlink:label="message_39" 
xlink:role="http://www.xbrl.org/2010/role/message" 
xlink:title="message" xml:lang="en" id="label">The total emission 
value per scope must be equal to the sum of the emissions value 
broken down by country/region </msg:message> 
    <gen:arc xlink:type="arc" 
xlink:arcrole="http://xbrl.org/arcrole/2010/assertion-unsatisfied-
message" xlink:from="valueAssertion_3" xlink:to="message_39" 
xlink:title="user-defined: valueAssertion to message" priority="0" 
order="1.0"/> 
    <variable:factVariable xlink:type="resource" 
xlink:label="factVariable_11" xlink:title="factVariable" 
id="ScopeTotal" bindAsSequence="false"/> 
    <variable:variableArc xlink:type="arc" 
xlink:arcrole="http://xbrl.org/arcrole/2008/variable-set" 
xlink:from="valueAssertion_3" xlink:to="factVariable_11" 
xlink:title="user-defined: valueAssertion to factVariable" 
priority="0" order="2.0" name="ScopeTotal"/> 
    <cf:conceptName xlink:type="resource" xlink:label="conceptName_7" 
xlink:title="conceptName" id="ScopeConcept"> 
      <cf:concept> 
        <cf:qname>cdp:Scope</cf:qname> 
      </cf:concept> 
    </cf:conceptName> 
    <variable:variableFilterArc xlink:type="arc" 
xlink:arcrole="http://xbrl.org/arcrole/2008/variable-filter" 
xlink:from="factVariable_11" xlink:to="conceptName_7" 
xlink:title="user-defined: factVariable to conceptName" priority="0" 
order="1.0" complement="false" cover="true"/> 
    <df:typedDimension xlink:type="resource" 
xlink:label="typedDimension_4" xlink:title="typedDimension" 
id="TotalGrossEmissionstTypedDimension"> 
      <df:dimension> 
        <df:qname>cdp:TotalEmissionDataAxis</df:qname> 
      </df:dimension> 
    </df:typedDimension> 
    <variable:variableFilterArc xlink:type="arc" 
xlink:arcrole="http://xbrl.org/arcrole/2008/variable-filter" 
xlink:from="factVariable_11" xlink:to="typedDimension_4" 
xlink:title="user-defined: factVariable to typedDimension" 
priority="0" order="2.0" complement="false" cover="true"/> 
    <asf:aspectCover xlink:type="resource" xlink:label="aspectCover" 
xlink:title="aspectCover" id="IgnoreUnitAspect"> 
      <asf:aspect>unit</asf:aspect> 
    </asf:aspectCover> 
    <variable:variableFilterArc xlink:type="arc" 
xlink:arcrole="http://xbrl.org/arcrole/2008/variable-filter" 
xlink:from="factVariable_11" xlink:to="aspectCover" 
xlink:title="user-defined: factVariable to aspectCover" priority="0" 
order="3.0" complement="false" cover="true"/> 
    <variable:factVariable xlink:type="resource" 
xlink:label="factVariable_8" xlink:title="factVariable" 
id="EmissionsValueGross" bindAsSequence="false"/> 
    <variable:variableArc xlink:type="arc" 
xlink:arcrole="http://xbrl.org/arcrole/2008/variable-set" 
xlink:from="valueAssertion_3" xlink:to="factVariable_8" 
Figure 27. Formulas- example of value assertion de inition 
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7.2.3.7 Data Types and Units  
This taxonomy uses the following data types and units. Instances documents require 
importing the Unit Registry schema - http://www.xbrl.org/utr/utr.xml. 






UTR schema covers monetary units needed. CDP admits all currencies 






Percentages shall be reported between 0 and 1, with decimals="4". A 
ratio of 18,78% shall be reported as 0.1878 (1878 Basic Points). 
gYearItemType  
decimalItemType 
TWO DECIMALS, decimals="2". All monetaryItemType (or derivates) 
figures shall be reported in cents: 1755.89 equals 1755.89 Euro, or 1755 
Euro and 89 Cents (or the currency actually used). 
intItemType  
massItemType 
CO2e – This unit must be created by the reporting company. UTR schema 




UTR schema covers the units needed.  CDP admits all energy units 




Table 14. Data types and units 
7.2.4. Style guide and naming convention 
This section presents rules that were followed in the creation of the taxonomy so that it was 
multi‐lingual, internally consistent, high‐quality and easy‐to‐use. The main of goal of this 
section is to facilitate the interpretation of the taxonomy and encourage a better 
understanding of the style guide and naming conventions followed. This is just for 
informational purposes and no actions are required for preparers to take.  
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The objectives of these rules are to provide:  
• Labels that are easy to use, and identify and relate to reference materials;   
• Labels and names that are unique;   
• Consistency and predictability, making it easier to locate concepts;  
• Support of future translation efforts to achieve consistency between languages;  
• Support of future maintenance and changes to the taxonomy.  
The style guide will also document exceptions to the defined rules.  
  
7.2.4.1 Naming convention concepts  
To facilitate the interpretation of the taxonomy, this section describes the naming 
conventions used. 
  
a) Concepts MUST have a clear and understandable name  
  
The name given to a concept MUST be clear. A longer and easier to understand name is 
preferable to a name that is shorter name but more difficult to understand.  
  
b) Concepts SHOULD be created according to the Label Camel Case Concatenation rules 
(LC3)  
  
The name of the concept must define the concept clearly with no chance of misunderstanding 
its content. The following rules will generally apply:  
• The concept names MUST be based on appropriate presentation labels.  
• The first character of the concept name MUST not be an underscore (_).  
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• The first character of the concept name MUST be capitalised.  
• Words that do not add meaning SHOULD be left out. For example: a, an, in, on, at, 
where, that, which.   
• Connective words in the label MAY be omitted from the concept name to make names 
shorter. Examples of English connective words include (but are not limited to) the 
following: the, and, for, which, of, a. 
  
• Special characters MUST be omitted from the concept name, including the following: 
() * + [] ? \/ ^ {} | @ # % = ~ ` ; : , <> & $  € . 
  
• Concept names MUST be limited to 256 characters.  
  
c) Concepts MUST be unique  
  
Two or more concepts MUST NOT share the same concept name. If they do, then uniqueness 
SHOULD be accomplished by either appending a distinguishing suffix or prefix.  
  
d) Nature of concepts SHOULD be defined as a suffix  
  
Standard suffixes that SHOULD be used for naming non‐dimensional concepts:   
  
• Only one suffix is to be used for this purpose.   
• “Abstract” to be used for all abstract concepts. 
   
• “TextBlock” to be used for all string concepts representing text blocks.   
• “Percentage” suffix is added to concepts that use the Percentage data type.   
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• “Enumeration” suffix is added to concepts that use pre‐defined strings.  
Standard suffixes that SHOULD be used for naming dimensional concepts:   
  
• “Table” to be added to concepts representing the hypercube level. The name of the 
Table is defined in plural, e.g. StandardsProtocolsOrMethodologiesTable. All “Table” 
elements should be in the hypercubeItemType substitution group and have their type 
set to string and their period type set to duration.  
• “Axis” to be added to concepts representing the dimension level of an explicit or typed 
dimension, e.g. StandardsProtocolsOrMethodologiesAxis. All “Axis” elements should 
be in the dimensionItemType substitution group and have their type set to string and 
their period type set to duration.  
• “Member” to be added to concepts representing the member level of a dimension, 
e.g.GreenhouseGasProtocolCorporateAccountingAndReportingStandardRevisedEditi
onMember. All “Member” elements should have their period attribute set to duration, 
abstract set to “true” and their type set to domainItemType.   
• “LineItems” (plural) to be added to concepts that serve as placeholders which group 
concepts within a hypercube. The name of the Line Items is defined in plural, e.g.  
InformationAboutStandardsProtocolsOrMethodologiesUsedToCollectActivityDataAn
dCalculateScopeO neAndTwoEmissionsLineItems.   
7.2.4.2 Label naming convention  
Labels are provided in the taxonomy to minimise the need to use reference materials and to 
ensure that the user of the taxonomy is using the correct concept. A label should provide a 
concise but complete description of the concept.  
   
The following goals SHOULD be achieved when adding labels to concepts:  
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• Each label describes the meaning of a concept;   
• A label SHOULD facilitate the ability to locate a concept quickly;   
• A label SHOULD be meaningful, recognizable, consistent, and easy to read;   
• A label SHOULD be unique ‐ users of the taxonomy do not need to refer to the concept 
name to be sure of its meaning.   
  
e) Labels SHOULD NOT contain certain special characters.  
  
The following characters should generally be avoided in creating concept labels:   
 ? | > < : * “ + ; = . & ! @ # { } \   
  
e.g. do not use   
“Scope 3: Purchased goods and services [member]”  
  
Common exceptions that are allowed are “scope1+2” and “scope 1+2+3”.  
  
Characters that are allowed are:   
 A‐Z, a‐z, 0‐9, (, ), comma, ‐, ‘, space, [ ], /  
  
e.g. use  
 Scope 3, purchased goods and services [member]  
  
The use of “/” should be avoided and substituted with the expression “or”.  
  
Labels SHOULD be concise, follow established terminology and avoid being excessively 
descriptive . The following rules SHOULD be applied:  
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• All abstract elements grouped under an Extended Link Role (ELR) SHOULD start with 
“Disclosure of…”. The exception is “General information about the report”.  
• All abstract elements used to group dimension information SHOULD start with 
“Disclosure of…”.  
• “LineItems” elements SHOULD NOT start with “Disclosure of…”.  “LineItems” that are 
rooted under an “Abstract” element SHOULD start with “Information about…”. 
“LineItems” that are rooted in other “LineItems” SHOULD NOT start with “Information 
about…” and SHOULD use alternative forms such as “Description of…” or “Reason 
for…”.   
• The formulation “[label]”, comment” SHOULD be used instead of alternative 
formulations such as “Comment on” or “Comment about”.  
  
There are various accepted ways to spell some terms, thus the following list of terms should 
be used in the Climate Change Reporting Taxonomy:  
  
• “scope 1 + 2” SHALL be used to mean values that aggregate the emissions from 
the two scopes;  
• “scope 1 and 2” SHALL be used for disclosures where values need to be 
presented separately for the two scopes;  
• “CO2e” SHALL be used to mean carbon dioxide equivalent;   
• “tonne” SHALL be used to mean a “metric tonne”.  
Labels SHALL start with a capital letter and SHALL NOT use upper case, except for proper 
names and abbreviations  
  
Example of proper use is  
Scope 3, purchased goods and services [member]  
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IPIECA's Petroleum Industry Guidelines for reporting GHG emissions, 2003 [member]  
  
  
Example of improper use is:  
  
Scope 3, Purchased goods and services [member]  
  
Kyoto Protocol Greenhouse Gases [member]  
  
  
f) Dashes SHALL NOT be used in labels where commas can be used instead.  
  
For example, DO NOT use ‘Verification or assurance underway but not yet complete ‐ the first 
year it has taken place [member]’, but rather use ‘Verification or assurance underway but not 
yet complete, the first year it has taken place [member]’.  
  
An allowed example of a dash would be “Guinea‐Bissau [member]”.  
  
Numbers SHOULD be expressed as text when less than 10, with the exception of reference to 
Scopes 1, 2 and 3  
  
The expression of a number is a matter of judgement. The following rules for numbers 
SHOULD be considered when using numbers in labels:  
• Exact numbers one through nine should be spelt out, except for percentages 
and numbers referring to parts of a book (for example, ‘5 per cent’, ‘page 2’).  
• Numbers of 10 or more should be expressed in figures.  
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• Exceptions are mentioned to Scopes 1, Scope 2 and Scope 3 concepts, as 
defined in the Greenhouse Gas Protocol.  
g) Labels SHALL NOT have leading spaces, trailing spaces or double spaces.  
  
h) Labels SHALL NOT have spaces also between square brackets, e.g.   
  
[led disclosure][text block]  
  
and not  
  
[led disclosure] [text block]  
  
  
Certain adjectives and prepositions used in labels SHOULD appear before or after the noun 
and be separated by a comma  
  
For example, “scope1 and 2” or “scope 3,” or the mention to “gross” will be constructed for 
all non‐abstract elements, in the following way:  
  
{other} {noun}, {scope}, {gross}  
An example of this would be:  
  
“Disclosure of boundary used for greenhouse gas inventory, scope 1 and 2”  
  
“Emissions target, comment”  
  
“Emission value, gross”  
  
i) Labels SHOULD avoid defining what they do or do not include.  
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For example, “General environmental regulations, including planning permissions [member]” 
SHOULD be avoided. What an item includes or excludes should be provided in the definition 
of the concept or the calculation linkbase.   
  
The label component related to XBRL and not to Climate Change Reporting SHALL be 
placed between square brackets ‘[ ]’ at the end or beginning of the label  
  
The component of labels placed in square brackets provides XBRL‐related information that 
does not influence the information provided. For example:  
  
• [08000000] Disclosure of emissions data;  
• Boundary disclosure [abstract]  
  
The following rules SHALL apply to standard labels and aligned with the naming convention  
  
Abstract elements used to organize the taxonomy:  
  
• SHALL append the word “[abstract]”;  
• Abstract elements that are nodes of line items SHALL append the word “[line 
items]”;  
  
Dimension elements:  
  
• that are tables SHALL append the word “[table]”;  
• that are axes SHALL append the word “[axis]”;  
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• that are domain members SHALL append the word “[member]”.  
  
Non‐abstract, reporting elements include:  
  
• textBlockItemType concepts SHALL append the word “[text block]” to the 
label;  
• percentItemType concepts SHALL append the word “[percentage]” to the 
label;  
• booleanItemType concepts SHALL append the word [flag] to the label;  
• StringItem type concepts SHALL append in the label:  
o The word [status] is used when the reported fact resembles a status, 
e.g. “Absolute emissions trend comparatively to last reporting year 
[status][lead disclosure]”, which can have as status as “increase” and 
“decrease”; or “Provision of incentives for management of climate change 
issues and attainment of targets [status] [lead disclosure]”, which can have a 
status of “Incentives provided” and “Incentives not provided”;  
o The word [enumeration] when the reported fact makes use of a set of 
pre‐defined string values.  
• dateItemType concepts SHALL have in the label the word “date”;  
• gYearItemType concepts SHALL have in the label the word “year”;  
• integerItemType concepts SHALL have in the label the word “number”;  
• massItemType concepts SHALL append the word [CO2] or [CO2e] to the end of 
the label.  
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7.2.4.3 Extended Link Roles (ELR)  
j) Role definitions SHALL start with the ordering number.  
  
For improved sorting of the extended link roles (ELR), the definitions of the ELRs SHALL start 
with an eight‐digit number. The numbers allow sorting of the ELRs according to the structure 
of greenhouse gas reports, for example: “[010000000] Disclosure of governance”.  
  
The numbering of presentation link ELRs closely follows the organisation of the information 
requested by the CDP Questionnaire, namely the numbering of pages in its online response 
system.  
The numbering of definition link ELRs also relate to the organisation of the CDP information 
request and the numbering of the pages and questions in the online response system. Thus, 
the first two digits relate to the CDP page where that dimensional structure is first used and 
the third digit will relate to the order in which they are presented on the CDP page. In 
exceptional cases, some ELRs might use lettering such as “a” or “b”. In these situations, a 
previous ELR which has already modelled the concept can present an alternative (and simpler) 
view of the same structure.   
  
7.2.5 Taxonomy validation  
The following tests were conducted to make sure that the XBRL taxonomy complies with the 
XBRL specification and filing rules. 
• Tests of conformity with the standards of XML 1.0.  
Specific validation software has been employed, together with analysis and comparison with 
the standards defined by the W3C. 
• Tests of conformity with the XBRL specification.  
Various validators on the market have been employed, and a visual inspection has been made 
of the files in plain text (see "Software employed in the validations" below). 
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• Tests of arithmetic restrictions.  
XBRL validation tests have been conducted against the arithmetic restrictions defined in the 
formula linkbase. 
• Tests of conformity with FRTA.  
Tests of adaptation to the FRTA 1.0. recommendation have been conducted. However, we 
accept failure of the following ‘Must Errors’ due to the avoidance of certain rules applicable 
to the use of Formulas 1.0, Extensible Enumerations 1.1, Dimensions 1.0 since they are not 
applicable to non-financial reporting frameworks: 
• 3.1.1. A linkbase MUST NOT include any link elements (simple, resource, extended, or 
arc) not in an XBRL module or in the XBRL 2.1 Specification. 
• 3.1.11. The role URI in a roleType element MUST be an LRR approved role or begin 
with the same scheme and authority parts as the target namespace of the taxonomy 
schema where it appears. 
• 3.1.2. An arc MUST have only its standard or LRR approved arc role. 
• 3.1.7. All arcs within an extended-type link MUST have the same arc role. 
• 4.2.1. A schema document MUST contain only declarations of reference parts OR 
declarations of concepts, roles and arc roles OR declarations that are not concepts 
and not reference parts. 
• 4.3.2. Each unique taxonomy schema target namespace must have one (and only one) 




This chapter presents the key contributions I made in the area of technology standards to 
accelerate the adoption of environmental data into valuable information for decision-making. As 
outcomes, an Horizon H2020 report was delivered and an XBRL Taxonomy for environmental 
information was published at the CDP website. Both works have generated an impact on the 
Spanish companies with more than 500 employees to disclose the environmental data required 
by the European Non-financial reporting directive. This taxonomy has represented an evolution 
 
Chapter 7. Influencing the practices of XBRL within CDP 
 
 153  
 
 
of the XBRL specification to be capable to represent environmental data. In this respect, the 
Enumeration Specification31 was evolved to facilitate a better analysis of qualitative information 





31 XBRL Enumeration specification: https://specifications.xbrl.org/work-product-index-extensible-
enumerations-extensible-enumerations-2.0.html [Accessed August 2019] 
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Chapter 8. Adopting Semantic Technologies for Effective 
Corporate Transparency 
 
In Chapters 5 and 6 we identified the need to link factors regarding non-financial performance 
of corporations into the decision-making processes of investors and other stakeholders. To 
do this, we need to develop better ways to access and analyse corporate social, 
environmental and financial performance information, and to link together insights from 
these different sources. Such sources are already on the Internet in non-structured and 
structured data formats, many of them in XBRL (Extensible Business Reporting Language).  
This chapter is trying to answer our third objective “How to enable the use of environmental 
data in combination to financial information from companies ?”. 
 
This chapter proposes a solution to enhance corporate transparency to increase the 
adoption of financial and non-financial data given the current adoption of XBRL and the 
new opportunities offered by Linked Data. We present (1) a methodology to formalise 
XBRL as RDF using Linked Data principles, and (2) demonstrate its usefulness through a 
use case connecting and making the data accessible.  At the end, a new transparency 
model is envisioned, with improved corporate data to promote sustainable economic 
growth. 
 
This work was presented and published at 14th European Semantic Web Conference. (pp 655-
670). Published by Springer International Publishing. DOI: 10.1007/978-3-319-58068-5_40 . 
To clarify, that this work and examples are targeted to Semantic Web experts given the 
audience of this conference. 
 
Mora-Rodriguez, M., Auguste-Atemezing, G. and Preist, C. (2017).  Adopting Semantic 
Technologies for Effective Corporate Transparency.  14th European Semantic Web 
Conference. (pp 655-670). Published by Springer International Publishing. DOI: 10.1007/978-
3-319-58068-5_40 
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Paper written by Maria Mora, with revisions from Chris Preist and Ghislain Auguste 
(Modeca Lab Research). Presented by Maria Mora at the 14th European Semantic 





Transparency is increasingly used as a means for holding organisations to account, both in the 
public and private sector. In this study, we focus primarily on the latter: the role of 
transparency and open data to promote good governance and trust between the private 
sector and its diverse stakeholders. The main tool for this is corporate reporting—the self-
disclosure of information by a company to a set of stakeholders in a well-defined and routine 
way.  Such stakeholders are primarily, although not exclusively, existing and potential 
investors. These stakeholders need to satisfy themselves as to the financial performance and 
good governance of the company they invest in. Many governments require such reports to 
be in specific formats, and are increasingly making them publically available through open 
data initiatives, such as the EDGAR program of the U.S. Security and Exchange Commission 
and the data repository of the Spanish Security Exchange Commission (CNMV).32 
 
Such data is often submitted and made available in XBRL (Extensible Business Reporting 
Language), an XML format adopted to make corporate data more standardised and 
exchangeable. XBRL is currently in use in more than 60 countries, implemented by over 100 
regulators that cover 10 million companies worldwide. 
 
In addition to mandatory reporting, there are a number of voluntary initiatives encouraging 
corporations to disclose information regarding their performance in areas of economic, social 
and environmental impact. These include the CDP (Carbon Disclosure Project), GRI (Global 
Reporting Initiative), SASB (Sustainability Accounting Standards Board) and the IIRC 
(International Integrated Reporting Council). These are often international non-governmental 
 
32 CNMV portal: http://www.cnmv.es/ipps/Default.aspx [Accessed August 2019] 
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organisations, with representatives of both corporations and other stakeholders including 
investors, academics, environmental NGOs and policymakers in their governance structures. 
Some of these promote the disclosure and use of their data through XBRL, in a similar way to 
governmental open data initiatives. 
 
Such initiatives encourage engagement with this data: data journalists can investigate 
corporate behaviour; investors can integrate future risks associated with factors such as 
climate change in their assessment of companies; companies can benchmark themselves 
against others; academics can explore wider trends and correlations in financial performance 
and non-financial behaviours. 
 
However, such transparency alone is not enough to support companies and their 
stakeholders’ decisions and actions. There are several barriers such as: 
• The lack of easily accessible corporate data to quickly and accurately inform the 
management about pertinent issues during decision-making-processes. 
• Unfamiliarity in how sustainable aspects have an impact on financial outcomes and vice 
versa. 
• Inadequate levels of integration of financial and non-financial information within the 
internal performance, strategy and operational frameworks of an organisation. 
• A dearth of consistency, comparability, reliability and clarity of climate change 
information emerging from organisations globally. Standardisation and mainstreaming of 
disclosures needs to be facilitated. 
 
The exposure of XBRL reports as open data is a first step to overcome some of these barriers. 
XBRL allows access to standardised data in an open format about corporate financial 
environmental sustainability. However, XBRL offers limited interconnection between them. 
In particular, XBRL exhibits the following weaknesses: 
• It is primarily structured around documents and entities rather than data, making links 
between data elements difficult. 
• The same data structures can be modelled in different ways, generating different 
technical implementations. 
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The Open Information Model (OIM) is being developed by the XBRL community in an effort 
to increase the adoption of existing XBRL data by reducing the heterogeneity of the XBRL 
reports generated by different modelling practices and enabling a better integration with 
Information Systems. OIM aims to facilitate the serialisation of XBRL reports in CSV, JSON and 
XML formats. In this study, we use the Open Information Model as a template for extracting 
linked open data from XBRL documents, thus allowing them to be combined more easily and 
to be used alongside other open data sources to enrich analysis by stakeholders. We 
demonstrate this by working with data from the Spanish Security and Exchange Commission 
(CNMV) alongside data from CDP. 
 
Our study makes a contribution in the field of Semantics and Corporate Transparency by more 
effectively integrating data sources using XBRL, the most common corporate standard, into 
the Linked Data environment. We show that this in turn makes contributions in the following 
areas: 
• The generation and integration of Linked Open Government Data made available from 
government sources (CNMV) in a different format (XBRL). 
• Provenance and accountability of companies, showing how financial and non-financial 
data from different sources can be linked using our approach to hold companies more 
environmentally accountable. 
• Trust, data traceability and fact checking of corporate data sources, enabled by using the 
proposed ontology together with SPARQL to facilitate cross-checking of corporate data 
with alternate sources. 
 
This study is organised as follows: in section two and three, we provide background on XBRL 
and prior work connecting XBRL with Linked Data formats. Section four presents a 
methodology to transform XBRL to RDF following Linked Data principles and the Open 
Information Model.33 We describe a case study implementing our proposal, using financial 
 
33 http://www.xbrl.org/Specification/oim/PWD-2016-01-13/oim-PWD-2016-01-13.html  
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and environmental data in XBRL format from the Spanish companies Repsol S.A. and Amadeus 
IT Group, published by CNMV and CDP respectively. Having XBRL data in RDF format, we 
proceed to link with other data sources from LOD using LIMES34 as a Link Discovery 
Framework. We then make the RDF data accessible and queryable via SPARQL endpoint, and 
we proceed to evaluate some queries to show the potential benefits for data users. Section 
six presents and discusses the results. The study closes with conclusions and lessons learned 
that, if addressed by the XBRL and Linked Data community, would further promote 
transparency. 
 
8.2 XBRL fundamentals relevant for this chapter 
XBRL aims to overcome the limitations of traditional and paper-based disclosures [104]. 
Through data standardisation in an open digital format, XBRL can help enhance data quality 
and data analysis through: 
• An open mechanism to represent contextualised business facts under defined business 
requirements (presentation, period, legal references, calculation) and data quality; 
• Enabling data-driven decision management; 
• Improved accessibility and integration of the information to any application or 
management process; 
• Standardised validation and comparability of information. 
 
For financial disclosure regimes like the International Financial Reporting Standards (IFRS) and 
US Generally Accepted Accounting Principles (US GAAP), or non-financial disclosure regimes 
like the CDP and GRI, a single XBRL taxonomy is created. The taxonomy is where the rules and 
data definitions are organised. It is comprised of a set of elements (i.e., Key Performance 
Indicators and narratives) and all the presentation, calculation, labels in different languages, 
and standard logic rules (linkbases) which provide semantic meaning. The taxonomy also 
includes mechanisms for defining reporting requirements in a multi-lingual context; this 
permits filers to use their language of choice while also allowing consumers to review it in 
their own. 
 
34 http://aksw.org/Projects/LIMES.html  
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Once created, the XBRL taxonomy is published online. Then, for a given firm, software can be 
used to create an XBRL instance (the report itself), containing facts and figures for a certain 
period (Figure 28). The XBRL instance can be checked against the taxonomy by all parties 
(reporting entity, a regulator, or even the public) in order to guarantee its data quality and 
reliability as the taxonomy contains data quality checks that any XBRL engine can validate. 
The validation rules supported in XBRL allow a good level of data quality, from basic rules to 
validate data types (number, text, precision), to more complex rules relating to elements that 
have been disclosed. For example, rules can be implemented to check if a breakdown of 
carbon emissions is equal or not to the total emissions reported, or a CO2 intensity figure 
(tCO2/revenue) is actually in line with revenue and emissions figures reported. 
 
Figure 28. Fact representation in XBRL 
 
The XBRL core specification (XBRL 2.1) has evolved since its creation in 2001 to enrich its 
dimensional data representation and validation rules. The XBRL Dimensions 1.0 35 in 2006 and 
Formulas 1.0 36 in 2009 provide optional incremental syntax to the core specification. 
 
35 http://www.xbrl.org/specification/dimensions/rec-2012-01-25/ dimensions-rec-2006-09-18+corrected-
errata-2012-01-25-clean.html [Accessed August 2019] 
36 http://www.xbrl.org/wgn/xbrl-formula-overview/pwd-2011-12-21/%20xbrl-formula-overview-wgn-pwd-
2011-12-21.html [Accessed August 2019] 
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Dimensions 1.0 enriches rules and procedures for constructing dimensional taxonomies and 
therefore instance documents. Taxonomies using Dimensions specification can define new 
dimensional contexts, specifying valid values (”domains”) for dimensions, using a mechanism 
called hypercube to define which dimensions apply to which business concept. There are two 
types of dimensions: 
• Explicit dimensions: These have a fixed number of dimension members. For example, in a 
two-dimensional table, the number of row and columns are known. 
• Typed dimensions: the number of dimension members is unknown. For example, in a two-
dimensional table, it means that the number of columns is known, but the number of rows 
depends on user reporting needs. 
 
However, the Dimensions specification in XBRL 2.1 has certain limitations. It does not fully 
support calculation rules (defined in calculation linkbase); calculations cannot be executed 
across different contexts. In other words, in a simple two-dimensional table, calculations can 
be executed by columns and not by rows. In part, these limitations, and the need to have 
strong validation capabilities in XBRL, resulted in the Formulas 1.0 specification in 2009. This 
module enhances the XBRL validation capabilities, using XPath to validate instances and to 
calculate new XBRL facts. 
 
XBRL has evolved to support both global regulatory environments and emerging domains 
such as sustainability reporting. The flexibility needed to do this has resulted in difficulties 
with regard to standardisation. Primarily, this is because of the diversity of technical 
implementations produced by different modelling practices during the taxonomy 
development phase. Though XBRL is a standard, it offers different ways to model data 
structures. For example, tables can be represented in XBRL using tuples or dimensions. This 
is true of the two taxonomies we use in our work later in the study: the CNMV taxonomy 
represents financial facts as items and tuples, and only makes use of the XBRL 2.1 core 
specification. Items are facts holding a simple value represented by a single XML element with 
the value as its content and period, and information about its reporting entity as a context 
attribute. An example item could be equity in the last quarter. Tuples are facts holding 
multiple values, and they are represented by a single XML element containing items or other 
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tuples. For example, preferred stock is always defined by the combination of different stocks. 
Thus, preferred stock is a tuple defined by two items: the preferred stock-nominal value and 
the preferred stock-shares authorised. The CDP taxonomy, on the other hand, represents 
(environmental) facts as simple items and dimensional structures and makes use of XBRL 2.1 
core and Dimensions 1.0 specifications. Dimensional structures are represented as items 
where context attributes also include dimensional XML elements. 
 
The new Open Information Model (OIM) specification proposes an independent XBRL model 
to represent XBRL business facts; it focuses on XBRL instance documents instead of taxonomy 
definitions. This overcomes the taxonomy modelling difficulties and keeps the value and 
context of the data. However, the semantic richness of the taxonomy disappears, such as 
advanced validation rules, human labels in different languages and how the data should be 
presented. 
 
In our study, we propose an ontology based on OIM specification to transform XBRL data to 
RDF, using as a case of study financial and environmental company data from CNMV and CDP. 
 
 
8.3 Transforming XBRL into linked data 
8.3.1 Lightweight vocabulary for XBRL (XBRLL) 
We developed a lightweight ontology using the Web Ontology Language (OWL) based on XBRL 
standard (XBRL 2.1 and Dimensions 1.0). The goal of implementing a lightweight vocabulary 
for XBRL is threefold: (1) Easy identification of the key concepts of the XBRL standard; (2) 
Reuse of existing vocabularies to describe XBRL datasets; (3) Enrichment and linking of data 
with relevant datasets in the Linked Open Data cloud. 
 
Unlike previous efforts, we based our ontology proposal on OIM, which is a syntax-
independent model of the content of an XBRL report instead of taxonomy definition. OIM 
defines four components: 
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Namespace: Representation of XML namespace prefixes. 
DTS Reference: Reference to XML documents and schema linked to an XBRL report. 
Report: Top-level component that encapsulates the data of an XBRL report. 
Fact: Representation of a business fact in an XBRL report. As explained in section one, a fact 
can be a simple item, a tuple fact or a dimension. All facts have the following common 
properties (ID aspects and footnotes). ID is a unique identifier; aspects are properties 
which represent the entity and period that a business fact refers to (oim:entity and 
oim:period). Examples of facts include: 
– the unit of measure, such as ”USD” and ”MWh” (oim:unit); 
– the reporting item (oim:concept); 
– tuples definition, which represents a grouping container for other facts, dimensional 
structure, axis and members; 
– the footnotes of the fact (oim:footnotes). 
 
Our XBRL-Lightweight (XBRLL) ontology is composed of 15 classes, 12 object properties and 
12 data properties, with DL expressivity: ALC(D). The ontology follows best practice in the 
semantic web by reusing existing ontologies to improve data interoperability (Breslin et al., 
2009), through the Linked Open Vocabularies initiative (LOV37). 
 
We provide a hierarchical structure following OIM, mapping XBRL components to Semantic 
web vocabularies. The class Report is a subclass of schema:Report38. The class Fact is used to 
represent XBRL business facts (items, tuples and dimensions) that in turn refer to entity 
(hasEntity), concept, period, scenario, value and footnote modelled as object properties. In 
the case of numeric and currency values, the number of decimals and unit type are also 
represented. These properties are enough to represent a simple XBRL item. 
 
 
37 https://lov.okfn.org/ [Accessed August 2019] 
38 http://schema.org [Accessed August 2019]  
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As required from XBRL, a fact can hold multiple values in the form of tuples and dimensional 
structures. For that purpose, we defined the hasTuple and hasDimension properties as part 
of the Fact class. They point out to Tuple and Dimension classes respectively. Tuple class is 
composed by concept and hasTuple properties. The latter means a tuple can be embedded 
as part of another tuple, defining the context of the main item. Dimension class is composed 
of Axis and Member properties, representing the axis and member per axis which define the 
context of the main item. We decided not to differentiate whether the axis is explicit or typed, 
as our model is focused on instance documents instead of taxonomy definition. It means that 
as we are working with XBRL reports, the dimensional members are defined. 
 
Unlike the OIM model, we decided to define Entity as a class instead of an object property of 
the class Fact that links to the schema identifier of the entity that is part of the XBRL report. 
In that way, we extend the class rov:RegisteredOrganization39, (1) keeping the 
correspondence with well-known vocabularies and (2) allowing the full information of the 
reporting firm facilitating the discovering link process. Figure 29 shows classes and 
relationships defined in the XBRLL ontology, which is available at https://w3id.org/vocab/ 
xbrll# . 
 
39 http://www.w3.org/ns/regorg# [Accessed August 2019] 
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Figure 29. Classes and relationships XBRLL Ontology 
 
8.3.2 From XBRL data to Linked data 
In the next step we demonstrate how XBRL data can be mapped to the ontology and how it 
can be published using Linked Data principles. We demonstrate our method using financial 
and environmental XBRL data from the Spanish companies Repsol and Amadeus IT Group, 
chosen as those that are published in both CNMV and CDP40. For the transformation process, 
we developed a script in Python (https://goo.gl/VqgJQZ) to transform the XBRL reports using 
JSON files generated by the Arelle41 open source platform. Note that the JSON data used as 
our input is generated according to OIM. 
 
A simple fact in XBRL (Figure 30), is the representation of a concept 
(cdp:IntroductionCompany) and its value, where the context consists of the period, unit and 
information about the reporting company (entity). 
 
40 The CDP data used is publically available, but not yet in XBRL format. This is currently only available 
internally to CDP, and made available to this project. 
41 http://arelle.org/  [Accessed August 2019] 
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A tuple fact in XBRL (Figure 31) represents facts with multiple values. In this case, the concepts 
ifrs-gp:IntagibleAssetsNet and ifrs-gp:GoodwillNet are the elements that compose the tuple 
ipp-gen:BalanceIndividual. The CNMV allows reporting companies to use xbrli:scenario 
element to determine if the value is part of an individual or consolidated financial statement. 
Hence in CNMV reports we find the same tuple hierarchy and concepts linked to two different 
contexts: consolidated and individual. Currently, the scenario and segment elements, in a 
non-dimensional domain, such as the CNMV reports, are not considered either by OIM and 
Arelle when transforming XBRL into JSON42. Our ontology considers both. 
 
Figure 30. RDF representation of a simple XBRL fact 
 
 
42 The OIM working group and Arelle’s authors were informed about the lack of segment and scenario 
representation in a non-dimensional domain. 
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Dimensional facts in XBRL (Figure 32) can also represent multiple values. For example, the 
concepts cdp:EmissionValueGross and cdp:Scope are linked to the same Axis 
cdp:TotalEmissionDataAxis and related member(cdp:GreenhouseInventoryBoundariesID). 
This structure allows disclosing the total Emissions gross values per type of scope (Scope 1, 
Scope 2 locationbased, Scope 2 market-based and Scope 3). Here the value of 21068516 CO2e 
corresponds to the Scope 1 emissions. 
Figure 31. RDF representation of a tuple fact 
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Figure 32. RDF representation of a dimensional fact 
 
During the transformation of the CNMV report, we found certain XBRL elements with content 
about persons and activities that belong to the imported XBRL taxonomy called Data of 
General Identification (DGI)43. We map these using Friend Of a Friend (FOAF) vocabulary 44 
(Figure 33), in line with best practice of reusing existing vocabularies in specific contexts to 
increase the level of interoperability. 
 
Figure 33. DGI representation in RDF using FOAF vocabulary 
 
43 https://joinup.ec.europa.eu/asset/data_of_general_identification/home [Accessed August 2019] 
44 http://xmlns.com/foaf/spec/ [Accessed August 2019] 
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As in XML , XBRL Namespaces specifications do not need to reference a real location— they 
just need to be unique. However, in RDF the namespace URI must identify the location of the 
schemas. As certain XBRL namespaces from the CNMV reports were not valid, we had to store 
the schemas in our server and point out the namespaces to real locations. In many cases, we 
decided to map the XBRL units and currencies to well-known DBpedia links, connecting 
related data that were not previously linked. For example: 




As XML, an XBRL document forms a tree structure ready to be consumed as a full report 
[111]. The move to data consumption requires the use of dereferenceable URIs to denote 
facts in a unique way, keeping its context. We use the following URI conventions to denote 
related facts and classes: 
Fact: http://data.mondeca.com/id/fact/f[0-9]* ->http://data.mondeca. 
com/id/fact/f88557 
Entity: http://data.mondeca.com/id/entity/(company identifier) ->http:// 
data.mondeca.com/id/entity/A-78374725  
 
Through the dereferenceable URIs, facts can be visualised using open source tools like 
LodLive45. We provide an example here: https://goo.gl/iFVE0B. 
 
8.3.3 Linking XBRL data to other data 
If transparency is to be enabled, it is very important to convert the independent XBRL silos of 
information into pieces connected with existing Linked Data sources available on the web. 
 
 
45 http://en.lodlive.it/ [Accessed August 2019] 
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For that purpose, we use LIMES, which is a tool that allows detecting similar Linked datasets. 
LIMES works by specifying the search criteria and the target endpoint to search in. Our search 
criteria is the company name contained in the Entity fact from the generated RDF. The 
DBPedia endpoint is the target source that we choose to gather the links, restricting the 
search by sch:Organization. LIMES requires a metric and acceptance condition setting a 
threshold value. We use the trigrams metric offered by LIMES to mapping correspondences 
between the ns6:legalName of our local RDFs and the sch:Organization from DBpedia. For the 
purpose of this study, we only accept results with a minimum of 0.90 level acceptance. The 
final results were the following URLs http://dbpedia.org/resource/Repsol and 




For validation purposes, we ran queries against the final ontology generated, evaluating its 
quality and accuracy by checking whether they contain enough information to cover three 
goals to promote effective transparency: 
Data coverage: through better data contextualization. 
Better data analysis: enabling cross-data-source analyses. 
Data accuracy: facilitating data cross-checking contained in different sources. 
 
For that, we first implemented an endpoint46 using Apache Jena Fuseki47, available here: 
http://data.mondeca.com/dataset.html?tab=query&ds=/xbrl-data.  We used SPARQL 
(SImple Protocol and RDF Query language) because it allows us to express queries across 
diverse data. We conducted three queries with each of the two companies (Repsol and 
Amadeus IT Group) data. We illustrated each query below with one of the companies. Full 
results are available at the SPARQL queries provided. Figure 34 presents the final architecture. 
 
 
46 http://data.mondeca.com/xbrl-data/sparql [Accessed August 2019]  
47 https://jena.apache.org/ [Accessed August 2019] 
 
Chapter 8. Adopting Semantic Technologies for Effective Corporate Transparency 
 




Figure 34. From XBRL to Linked data architecture. Inputs, outputs and technologies 
 
Outputs of this work are presented below: 
Goal 1. Data coverage using DBpedia 
Question: What is the context of the company Repsol? 
Data: Abstract, subsidiary and industry.  
SPARQL query: https://goo.gl/if8ydG  
Output: presented in Table 15. 
 
URL Abstract Subsidiary Industry 
http: //dbpedia.org/ 
resource/Repsol 
Repsol S.A. is an 
integrated global 
energy company 
based in Madrid, 
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across the globe. It has 
more than 24,000 
employees worldwide. 
Table 15. Data coverage: Information about the context of Repsol S.A. 
Goal 2. Cross data source analysis using CNMV and CDP data 
Question: What was the emission intensity of Repsol in 2015? 
Data: Scope 1 emissions (CDP) divided by Consolidated sales (CNMV). 
SPARQL query: https://goo.gl/7bIE9m 
Output: presented in Table 16. 
 
CO2 Emissions Consolidated sales Emission intensity 
21068516 39737000000 0.00053 
Table 16. Data analysis: Emission intensity of Repsol S.A. in 2015 
Goal 3. Data accuracy using DBPedia and CNMV data 
Question: How reliable is the equity figure presented in DBpedia? 
Data: Equity (DBPedia) and equity (CNMV) in the year 2013. 
SPARQL query: https://goo.gl/LGb53s   
Output: presented in Table 17. 
 





Repsol S.A 2.792E10 27920000000 0.0001 
Amadeus IT Holding €1,840.1 million@en 1840066000.0 - 
Table 17. Data consistency: Reliability of Equity figure presented in DBpedia 
8.5 Discussion 
This study demonstrates that Linked Data can be used to integrate financial and non-financial 
data and can facilitate transparency among diverse stakeholders. Our work does this by 
converting corporate XBRL reports into RDF and linking them to other relevant financial and 
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non-financial data (e.g., environmental, DBpedia). A generic ontology to transform any XBRL 
report into Linked Data has been proposed, along with ways to resolve the lack of formal 
correspondences with well-known vocabularies. This solution overcomes the XBRL challenges 
related to the diversity of technical implementations produced by different modelling 
practices and so goes beyond prior related works. 
 
We demonstrate that using Linked Data with well-adopted standards, such as XBRL, improves 
the interoperability and access to existing corporate datasets, as well as straightforward 
integration with related data in other formats. The validation demonstrates that the solution 
proposed offers three benefits for data users: increased data coverage, better data analysis 
and data consistency. These benefits are real because we have built a solution capable to 
cover the following three goals :Data coverage, Cross data source analysis and Data accuracy. 
Besides, the solution presented can be replicable and through the links provided and 
explained in section 8.5 can be run. Our intention with this work is to demonstrate that 
technically it is possible to interconnect and publish pieces of information from different 
domains using existing technologies and publication principles like Linked data and it is not 
just a theory. It is out of scope of this work to tackle how the combination of this information 
can drive specific business decisions.  
 
The results in Table 17 present an interesting point for discussion. It shows that the DBPedia 
data (dbo: equity) lacks context and numeric precision. For example, there is no year 
associated with the equity figure nor consistent use of datatype. Amadeus equity is a string 
€1,840.1 million while Repsol equity, which has the same tag (dbo:equity), is a number. The 
data from CNMV in XBRL format does not have any of those problems. 
 
Given these results, we believe that XBRL is a better format than RDF to standardise corporate 
information. However, it is less able to connect different data silos in various formats. For 
that, the publication of data using Linked Data principles is the most appropriate solution. 
 
This study proposes the combination of both solutions, XBRL and Linked Data, to improve 
corporate transparency. Below, we enumerate a set of technical requirements to apply on 
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XBRL schemas, definitions and reports to converge towards a Linked Data approach. Adoption 
of these best practices in XBRL modelling would enhance interoperability and transparency 
of corporate data. 
• Use of common data structures must be encouraged in XBRL taxonomies. For example, 
taxonomies such as DGI to represent common corporate information such as company 
name, unique identification number, activities and sectors. This would not only enhance 
the interoperability between XBRL data from different taxonomies but also ease the 
mapping process with well-known vocabularies in the Linked Data world. 
• The use of namespaces notation that point out to real locations should be promoted in 
XBRL. This would ease the transformation of XBRL data into Linked Data, facilitating better 
inference mechanisms. 
• Using dereferenceable URIs to denote and identify XBRL facts provides a way to access 
and link relevant information to those objects across the web. It enables better 
interoperability between data in XBRL format and other data sources. 
• Reusing existing RDF data on units and currencies already published in LOD brings more 
contextual information than the current ISO and XBRL units reference. 
• Using tools like LIMES can help to increase the coverage of information by continuously 
integrating data sources. 
We made all scripts and tools available to let academia and industry evaluate and contribute 
to this work. 
 
8.6 Conclusions and further research 
In this study, we show the role of Linked Data and XBRL in bringing new opportunities for 
effective transparency in corporate reporting. Linked Data principles can encourage better 
corporate data publication and therefore data analysis, defining the interconnection across 
financial and non-financial data (such as sustainability data) and documents publicly available 
in open government data initiatives and voluntary reporting initiatives. XBRL enables a 
standard and accurate representation of corporate data with advanced validation rules. We 
present a solution to convert independent silos of XBRL data into interconnected pieces. 
Lessons learned during the process and benefits are presented. While our work demonstrates 
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the potential of this approach, it would benefit from extension in the following ways: (i) 
incorporate data sources beyond environmental, financial and DBpedia; (ii) incorporate non 
public-domain data, and address associated data protection issues necessary to do this; (iii) 
consider scalability and performance issues in the transformations necessary. In future work, 
we intend to evaluate and integrate sustainability reporting in XBRL, such as GRI data, and 
extend the ontology proposed using RDF Data Cube. We believe this study encourages 
scholars, regulators, data publishers and users to promote and use both XBRL and Linked 
Data, as each solution has a different role to play. Combined use of them enables non-
financial factors such as environmental and social performance of companies to be integrated 
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Chapter 9. A Solution To Aligning Corporate Reporting 
Frameworks: The Case of GRI and CDP 
 
The previous chapters highlight the importance of increasing the connectivity between 
reporting frameworks to enhance the consideration of environmental information in 
decision-making processes. Chapter 8 presents a solution to connect datasets from different 
domains (financial and non-financial) and different formats. That technical solution is also 
valid for establishing relationships between similar data points from different datasets (e.g., 
Revenue in CNMV must be equal to the Revenue in DBpedia). However, the main difficulty is 
identifying these corresponding points, which is more an accounting problem than a technical 
issue. This chapter is trying to answer our fourth objective “How to support the consistency, 
analysis and data alignment between different reporting frameworks?”. 
This chapter aims to present a methodology to facilitate the identification of common data 
points from different reporting frameworks using text mining techniques, as well as the 
market needs and opportunities. To demonstrate the usefulness of our proposal, we have 
tested our method using CDP and GRI datasets.  
This work was accepted and presented at the 1st Data Amplified Conference - Academic track 
(Singapore, Malaysia). In addition, these ideas were used by the author to write several 
chapters of the book Big Data and Business Information (ISBN: 978-84-16286-32-4), led by 
the Bank of Spain and published by AECA. 
 
9.1 Introduction 
In response to the 2008 financial crisis, the European Union (EU) has sought to encourage 
firms to be more transparent in their activities. Transparency is considered an essential 
component to achieving a sustainable economy, enabling a clearer and open disclosure of 
information to tackle the economic, social and environmental challenges of the new 
millennium [112].  As a result, the European Union is enforcing better reporting practices, as 
set out in the recent European Directive 2014/95/EU for non-financial reporting. As of 2017, 
this applies to public interest organizations with more than 500 employees, which represents 
approximately 6000 large companies in Europe. This Directive defines a set of information to 
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be disclosed about social, environmental and financial risks matters, and suggests a set of 
voluntary reporting frameworks to enable compliance [113].  
Currently financial and non-financial reporting regulations and voluntary standards are some 
of the mechanisms used to encourage the disclosure of financial, environmental and social 
impacts. The content of corporate reporting has evolved from primarily regulated reports on 
financial aspects, to a more multidimensional batch of compulsory and voluntary documents, 
containing both indicators and explanations of social, environmental and corporate 
governance behaviour.  This information is mainly influenced by reporting initiatives based 
on guidelines for voluntary disclosures, such as the Global Reporting Initiative (GRI) and the 
CDP.  The forthcoming EU regulation is going to put further pressure on businesses to 
disclosure risks, as well as, social and environmental impacts. It means that companies will 
need to move from voluntary to compulsory reporting regarding non-financial information, 
and they will need to care more about the quality, comparability and reliability of that 
information. Our central thesis is that better alignment between voluntary reporting 
frameworks can make a significant contribution to achieving part of the European objectives, 
and enhance the disclosure of social, environmental and financial risks. To that extent, we 
explore how GRI and CDP could align their areas of reporting, and what potential benefits are 
associated with such alignment. 
GRI and CDP are recognised standard setters in Europe and worldwide, in sustainability 
information and environmental reporting respectively.  In 2014, 1633 small and large EU 
organizations used the GRI framework to produce their sustainability reports [134], and 1365 
EU companies disclosed climate data to CDP [135], illustrating that GRI and CDP have already 
achieved inroads with European companies. Of the 1633 GRI reporting firms in Europe, 670 
companies use CDP guidelines to report environmental information. This equates to 41% of 
GRI reporting companies in the EU that disclose GHG (greenhouse gas) emissions and climate 
change strategies through CDP as well. 
Since 2010, both initiatives joined efforts to align common areas of their reporting 
frameworks. Since then, every year CDP and GRI publish a document together called “Linking 
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GRI and CDP”48, where the cross-references between both frameworks are described in detail. 
That document specifies the correspondence between areas of reporting, but it still lacks 
perfect equivalence, which is a barrier to achieving part of the European objectives. Table 18 
shows an example extracted from the Linking document, where the level of alignment 
between both frameworks related to Climate Change Risk is presented. The first column 
identifies the CDP questions that address that area, and the second column shows the 
correspondence with GRI concepts. The third column on the right makes clear that one 
concept in CDP is rarely an exact equivalent to one or more elements in GRI, and vice-versa; 




48 Linking GRI and CDP (2016): How are GRI’S G4 guidelines and CDP’S 2016 climate change questions 
aligned? https://goo.gl/JTYwcx  
 
Table 18. Convergence in the area of Climate Change risks between CDP and GRI 
frameworks 
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We consider that aligning key facts from CDP and GRI reporting frameworks promote the 
following benefits: 
(1) more direct comparability of reports; 
(2) cross-validation between CDP and GRI facts; 
(3) reducing reporting burden: disclosing once and submitting twice to both CDP and GRI. 
 
The purpose of the present study is to propose a methodology to determine the alignment 
between different reporting frameworks using text mining analysis. This involves identifying 
corresponding points between key terms contained in GRI and CDP reports. The results are 
of interest not only to scholars, but also for company filers and regulators in a context of 
growing integration between financial and non-financial reporting frameworks in Europe. 
9.2 Problem situation 
The problem addressed in this chapter belongs to the area of research called semantic 
integration, which is active in the use of databases, information-integration and ontologies. 
It is also gaining popularity in the Artificial Intelligence community as a way of facilitating 
knowledge sharing. Semantic integration is normally a process composed of three tasks [114]: 
1) Mapping discovery: Given two domains of information, how do we find similarities or 
equivalences between them? This is a similar approach to LIME, the tool we used in 
Chapter 8 for discovering the links with other data sources in the web. 
2) Representation of mappings: Once the mapping of similarities and equivalences are 
identified, how do we represent them to enable reasoning? 
3) Reasoning with mappings: Once the mappings are represented, they are used for data 
transformation, query answering, web-service composition.  
Regarding mapping discovery, the main goal is to map data structures identifying types of 
correspondence. Prior work on this area points to two different approaches to address this 
task:  
(1) Extending ontologies for general purposes with specific properties and concepts 
agreed upon by the developers. These types of ontologies are called Upper ontologies, 
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which are developed for that purpose; examples of these types of ontologies are the 
Suggested Upper Merged Ontology (SUMO) and Descriptive Ontology for Linguistic 
and Cognitive Engineering (DOLCE).  
(2) Using heuristics and machine learning methods to find mappings using the 
characteristics of ontologies, such as definition of concepts, properties and structures.  
In this study we focus on the mapping discovery task, identifying the level of equivalences 
between CDP and GRI frameworks, classifying the content of the unstructured GRI reports in 
CDP questions using Natural Language processing (a type of machine learning49), and 
determining which concepts and properties represent similar notions to enable more direct 
comparability, cross-validation and less reporting burdens (which are our reasoning goals). 
Our problem then is how to classify text under the given categories using automatic text 
categorisation. Text categorisation systems generally use a vector model representation of 
the documents. The vector that represents the document contains the document terms and 
also the weights assigned to each term.  There have been many text classifiers proposed using 
machine learning techniques: neural networks, genetic algorithms and probabilistic models. 
• Probabilistic, such as the Naïve Bayesian (NB). The basic idea in NB approaches is to 
use the joint probabilities of words and categories to estimate the probabilities of 
categories given a document. The main limitations of this type of classifier are the 
sensitivity to term reduction, and the difficulty of interpreting and maintaining the 
numeric models. 
• The Decision Tree classifier is composed of nodes, branches and leafs. Nodes are 
labelled by terms, branches are labelled by the weight that the term has in the text 
document and leaves are labelled by categories [115]. It is built using a ‘divide and 
conquer’ strategy; in other words, this procedure checks whether all the examples 
have the same label and, if not, a new subtree is created from a term partitioning 
from the pooled classes of documents that have the same values.  
 
49 Machine learning grew from pattern recognition and the theory that computers can learn without being 
programmed to perform specific tasks. 
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• Regression models belong to the statistical-based class and are best known as linear 
least squares. This procedure models the data with two vectors: a vector for weighted 
terms and a vector of weighted categories. The classification consists of adjusting the 
category weights. 
• Neural Networks consist of many individual processing units, the so-called neurons, 
connected by links, which can work in parallel. These links have weights associated 
with them and allow neurons to activate other neurons. A learning algorithm is used 
to find suitable weight values for the links [116]. A primary weakness of this method 
is the excessive training and computation time.  
• Support Vector Machine (SVM) is defined over a vector space where the problem is 
to find a decision surface that best separates the data points in two classes [117]. In 
order to define the best separation, a margin between two classes is introduced. An 
interesting property of SVM is that the decision surface is determined only by the data 
points that have exactly the same distance from the decision plane. Those points are 
called the support vectors, which are the only useful elements in the training set; if 
all other points were removed, the algorithm would learn the same decision function. 
This property makes SVM theoretically unique and different from methods such as 
Neural Networks and Naïve Bayesian where all the data points in the training set are 
used to optimise the decision function. 
 
Some studies [118][119] suggest that SVM significantly outperforms the other classifiers for 
the micro-level performance on pooled category assignments, which is why this method was 
selected to address the problem. However, it is out of the scope of this study to examine 
which classifier could be better and why. The main purpose is to propose a methodology to 
solve an alignment problem between reporting frameworks, and illustrate how Natural 
Language Processing (NLP) techniques can help to achieve this goal.  
 
9.4 Method step by step 
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The first step is generating the classification model and carrying out training. To do so, we 
collected 23324 CDP responses50 classified into six categories, which are the six questions 
related to the Business Strategy section of the Climate Change questionnaire (Figure 35). This 
data represents three years of historical data (2013-2015) from 2145 companies. This data is 
structured and was provided by CDP in Excel format. 
 
 
Figure 35. CDP responses classified by question number 
 
It was essential to clean the text to make the text mining analysis more efficient [17]. This was 
done by removing punctuation, numbers, and whitespaces, and converting all text to lower 
case. It is also important to stem the words to retrieve their radicals and to remove the affixes 
to reduce noise from the texts.  For that purpose, we used the suffix-stripping algorithm, 
which consists of inflected forms and root form relations.  A smaller list of "rules" is stored to 
find the root form of each word; for example, if the word ends in ‘ing’, ‘ed’ or ‘ly’,  the 
algorithm removes those parts and keeps the root. We applied the stemming process to all 
the CDP data normalised in plain text and applied the cleaning process described above.  
 
 
CDP data was kindly provided by CDP for the purpose of this study. 
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We then proceeded to generate the model using Support Vector Machine (SVM) algorithm 
[18]. This algorithm plots each piece of CDP data in 2-dimensional space (Figure 36), where n 
is the number of features. In this case, n is the question number that each response belongs 
to. The value of each feature is the value of a coordinate. We then performed classification 
by finding the hyperplane. We used 80% of the CDP responses to train the model.   
 
In order to evaluate whether the model generated is accurate, we followed [19] and used the 
remaining 20% of the training data for testing purposes: 
• Precision is the number of true positives divided by the number of expected 
similarities. 
• Recall is the number of similarities divided by the number of both similarities and 
differences. 
• Percentage of overlap, obtained by means of the division of the size of the 
intersection of the two sets by the scale of the union of the sets and multiplying 
by 100. 
Figure 36. CDP data in 2-dimensional space 
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The result in Table 19 shows that the model is suitable to classify most questions. These 
results were validated using cross-validation and verified by User Acceptance Testing (UAT) 
carried out the CDP Technical Director and myself. 
 
Once the model was generated and evaluated, we proceeded to classify the GRI data.  To do 
so, we used ten GRI reports that are publicly available on the GRI website51.These reports are 
unstructured data in PDF format with heading and sub-headings with no correlation with CDP 
reports, and each of them follows a different structure and design. They were normalised in 
plain text to facilitate the analysis using text mining techniques. 
 
We proceeded to clean and stem the GRI data using the same techniques as in CDP data; each 
page/text from each report was then classified using the model.  As a final step, we expect to 
classify each text/page into a CDP question. We cannot go to a level of classification such as 
“the GRI (5.1) data point is equal to CDP (4.2) data point” because there is no unique identifier 
per data point in the GRI reports. 
This work was developed by using R software 52 and  
• the Text Mining package 53 for applying text mining functionalities required such as 
stemming and stopword removal.   
• The e1071 package 54for using the SVM data classification method. 
 
 
51 http://database.globalreporting.org/  
52 R software: https://www.r-project.org/ 
53 Text Mining package in R: https://cran.r-project.org/web/packages/tm/tm.pdf  
54 The e1071 package: https://cran.r-project.org/web/packages/e1071/index.html  
Table 2 - SVM results: precision, recall and score Table 19. SVM results: precision, recall and score 
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In total, 975 pages from ten GRI reports were classified in six different CDP questions. An 
example of how the results are obtained is presented in Table 20. If we interpret the first row, 
it means that the content (GRI_TEXT) of page 31 from the GRI report number 25 is classified 
as the CDP question number CC2.2a with a confidence level of 0.996 (out of 1).   
 
 
Table 20. Results: GRI reports classified in CDP questions 
 
Overall, as demonstrated in Figure 37, the highest confidence level belongs to questions 
CC2.2a and CC2.3f. The question CC2.1 likewise has a high level of trust even with fewer 
pages.  
DOC PAGE SVM_PROB CDP_CATEGORY GRI_TEXT
25 31 0.996380627 CC2.2a_BUSINESS_STRATEGY_CLIMATE_CHANGE In addition to 
25 26 0.991984381 CC2.2a_BUSINESS_STRATEGY_CLIMATE_CHANGE                                             
25 25 0.991773656 CC2.2a_BUSINESS_STRATEGY_CLIMATE_CHANGE America to do 
25 30 0.988395512 CC2.2a_BUSINESS_STRATEGY_CLIMATE_CHANGE PILLAR 4 
25 24 0.986643486 CC2.2a_BUSINESS_STRATEGY_CLIMATE_CHANGE Air Canada 
25 28 0.949205134 CC2.2a_BUSINESS_STRATEGY_CLIMATE_CHANGE Green Aviation 
25 29 0.930827209 CC2.2a_BUSINESS_STRATEGY_CLIMATE_CHANGE yielded 
25 15 0.907619585 CC2.3f_POLICY_MAKER_ENGAGEMENT common 
25 41 0.907305561 CC2.3f_POLICY_MAKER_ENGAGEMENT                                                                                      
25 36 0.892748222 CC2.2a_BUSINESS_STRATEGY_CLIMATE_CHANGE offset portal 
25 19 0.876495421 CC2.3f_POLICY_MAKER_ENGAGEMENT With the 
25 34 0.864170972 CC2.3f_POLICY_MAKER_ENGAGEMENT WORKING 
25 35 0.840176947 CC2.3f_POLICY_MAKER_ENGAGEMENT Waste 
25 27 0.839161197 CC2.2a_BUSINESS_STRATEGY_CLIMATE_CHANGE price of US$106 
25 4 0.829662692 CC2.3f_POLICY_MAKER_ENGAGEMENT AT A GLANCE 
25 10 0.816134856 CC2.1b_RISK_OPPORTUNITY_COMPANY_ASSET_LEVEL GOVERNANCE                                                                                  
25 14 0.789427389 CC2.1c_PRIORITIZE_RISK_OPPORTUNITIES To ensure that 
25 33 0.728042953 CC2.2a_BUSINESS_STRATEGY_CLIMATE_CHANGE model or age, 
25 42 0.672492461 CC2.2a_BUSINESS_STRATEGY_CLIMATE_CHANGE                                                                                
25 17 0.658503415 CC2.1b_RISK_OPPORTUNITY_COMPANY_ASSET_LEVEL observations or 
25 43 0.604386422 CC2.3f_POLICY_MAKER_ENGAGEMENT Canadian 
25 21 0.602885243 CC2.3f_POLICY_MAKER_ENGAGEMENT vacuum suction 
25 18 0.60016209 CC2.1b_RISK_OPPORTUNITY_COMPANY_ASSET_LEVEL or more 
25 1 0.561404206 CC2.3f_POL CY_MAKER_ENGAGEMENT               Citizens 
25 40 0.526825749 CC2.3f_POLICY_MAKER_ENGAGEMENT CROSS-BRANCH 
25 23 0.523373463 CC2.3f_POLICY_MAKER_ENGAGEMENT Environment 
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Around 200 pages have a confidence level greater than 0.9, and around 400 with more than 
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9.6 Discussion and conclusions 
This chapter proposes a text mining methodology to determine alignments between GRI and 
CDP frameworks, and demonstrates that our method is able to discover relationships 
between different reporting frameworks, specifically: 
• CDP(questions) = GRI(text per page) when confidence level greater than 0.9 
• CDP(questions) ~ GRI(text per page) when confidence level greater than 0.7 
We used the CDP data as a dictionary to build and test the SVM algorithm. This data was 
obtained in a structured format, and each piece of information was uniquely identified by 
question number. This is in opposition to GRI reports, which have an unstructured format and 
each key performance indicator is not uniquely identified. This represents a limitation and is 
the main reason why our method only can find relationships between CDP questions and GRI 
text pages, instead of CDP question and GRI indicator. 
 
Figure 38. Number of GRI pages and associated confidence level 
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Given that one of the main needs in forthcoming regulations for corporate reporting is 
improving alignment between reporting frameworks, we believe that our solution is a 
necessary tool to facilitate the identification of equivalent information.   Clear benefits are: 
• Analysis: More direct comparability of GRI and CDP reports. 
• Quality: Cross validations between GRI and CDP text information. 
• Reducing reporting burden: Disclose once and submit twice to CDP and GRI. 
Comparing GRI and CDP reporting practices, we would like to remark the following insights 
for further works: 
- CDP reports are available centrally from CDP to those who are willing to pay; this does 
not occur with GRI, although some of the reports can be found on the GRI website. 
However, the common practice is that reports are published on companies’ websites. 
- Each data point in CDP reports is uniquely identified and it follows a key-value 
approach. This is the primary reason it was possible to build a dictionary. GRI reports 
follow a marketing approach, which means that each piece of information is not 
uniquely identified and they are presented without much precision in a qualitative 
manner. There is little evidence provided.  
- CDP reports are structured information; different reports from different companies 
share the same container of information but with different content. Each GRI report 
is completely different; there is not a common container and reports are presented in 
a readable format (pdf) instead of a consumable format (e.g. CSV, XBRL, XML). 
We believe this methodology can be useful: 
1. To CDP and GRI: when they are evaluating and analysing the information that they 
share and how they share it. The use of methodologies like this during this process 
should encourage the improvement of the data quality and alignment between GRI 
and CDP framework. 
2. To reporting companies that are disclosing to CDP and are using GRI frameworks to 
develop their annual reports, sustainability reports, etc.: this work should help to 
reduce the reporting burdens, allowing them to disclose once and submit twice.  
3. To software providers that build reporting solutions: this methodology should help to 
incorporate assessment capabilities within their software. 
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4. To the users of this information, such as investors and governments: they can 
automatically compare certain data from CDP and GRI reports as well as have more 
confidence in the reliability of that information. 
 
For further research, it would be interesting to explore the performance of other classifiers 
for this particular problem, as well as the different level of aggregations between reporting 
frameworks such as CDP(x) = GRI(y) + GRI(z). For that purpose, the use of a clustering method 
instead of classification could be appropriate; in such a case it is necessary to group instances 
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Chapter 10. Conclusions and further work 
Our research journey started with an investigation into the area of environmental 
sustainability reporting. The main issue is that corporate reporting practices are becoming 
increasingly complex, in part due to the necessity of extending the dialogue from 
shareholders and customers to other interest groups or wider stakeholders, such as 
employees, governments, analysts, scholars, and NGOs.  As a result, a large amount of 
corporate information is being generated and published in an impractical way. For example, 
companies cannot compare their CO2 intensity figure against their competitors, and investors 
cannot carry out a reliable risk analysis on a company’s financial performance while also 
considering their social and environmental actions. 
Yet companies defend themselves by saying that they are producing vast quantities of 
corporate information on both a voluntary and compulsory basis as a matter of transparency, 
meaning that they would like their actions to be analysed beyond financial issues. 
Governments are producing regulations to make the disclosure of non-financial information 
compulsory and investors are supporting reporting initiatives like CDP.  Unfortunately, 
forthcoming regulations in this field, like the EU Directive detailed in Chapter 9, fail regarding 
practical details. The European Commission feels that they are proposing how information 
can be requested effectively to create a significant impact on decision-making processes for 
companies and their shareholders. They are still exploring why this extra financial information 
is relevant, instead of figuring out how they could require information in order to make a 
genuine impact on decisions. The reality on the ground is that companies are producing non-
financial information on a voluntary basis that is of low quality and reliability; instead, it is 
used by the companies as a marketing and reputational tool, rather than to influence 
decision-making processes. 
During the course of this study, we wanted to change the way companies work to improve 
the way they and their stakeholders make decisions. Decisions that look beyond financial 
matters are necessary if solutions are to be found for environmental challenges. To that 
purpose, businesses need to transform their management and operations, and information is 
critical to ensure a better integration of environmental issues within their decision-making 
process. 
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In sustainability reporting, our study focuses on the environmental aspects supported by 
Information Systems, specifically highlighting reporting standards, semantic technologies and 
Big Data, and exploring CDP as a case of study.  Overall, we have responded to the following 
four research questions: 
1) Market understanding on the use and disclosure of environmental data. 
2) How to make environmental data more accessible for users? 
3) How to enable the use of environmental data in combination to financial information 
from companies ? 
4) How to support the consistency, analysis and data alignment between different 
reporting frameworks? 
 
We also wanted to keep the balance between academic theories and pragmatism given that, 
as part of the EngD programme requirements and my personal interest, this research should 
reduce the gap between academia and industry, and must create impact in both worlds. This 
approach drove the direction of each stage of this study: from having a good understanding 
of the problem situation; asking the market and exploring relevant academic theories and 
prior works; envisioning new opportunities and ways to tackle pending challenges along with 
pilot solutions; and combining novel technologies approaches, such as Linked Data, XBRL and 
Big Data. 
The results produced during this research take the form of several projects and 
collaborations, plus more than 20 publications and presentations in academic and industrial 
forums. They represent an incubator of ideas for further developments in academia and 
industry.   
Three important aspects have influenced the direction of this project: 
1) The opportunity of having CDP as the industrial sponsor and the guidance and support 
of my industrial supervisor, Pedro Faria (Technical Director at CDP). To me, CDP 
represented an opportunity to explore a real environmental reporting market with 
customers, competitors, missions and business model.  
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2) The opportunity of being part of an EngD programme and the guidance and support  
of my academic supervisor, Chris Preist (Reader in Sustainability and Computer 
Systems at the University of Bristol). 
3) My 13 years of professional experience implementing technologies and XBRL in the 
financial arena (The Bank of Spain, the Spanish Security Exchange Commission, the 
Institute of Accounting and Accounts Auditing, General Intervention Board of the 
State, The Audit Chamber of Andalusia) and non-financial reporting domains (The 
Spanish Association of Accountants (AECA) and CDP).  
The contributions of this study are summarised in the following sections. 
10.1 The problem situation and vision 
Throughout Chapters 4 and 5, we explored the vision of the ideal environmental reporting 
system agreed upon by all active stakeholders. These results were translated into market 
needs and demands, and academic target areas for further exploration. 
Using stakeholders with different backgrounds, we identified what questions to ask, classified 
common needs, and identified which needs are particular to different stakeholders.  During 
this evaluation, it was important to separate stakeholders into two groups: producers and 
consumers of information.  
One of the most relevant discoveries in the course of this research is the drivers of 
environmental disclosure practices. This is the “why” behind non-financial disclosure, and 
they are classified as: regulatory compliance, stakeholder communication and reputation, 
competitive advantage and internal efficiency. These drivers generate two different 
demands:  
1) More qualitative and explanatory information to better communicate their story and 
value creation in the short-, medium- and long-term to a diverse, multi-stakeholder 
group: customers, regulators, investors, employees and general society. 
2) An evolution of non-financial information into structured, homogeneous and digital 
data to be comparable and easy to analyse.  
From our point of view, it is fundamental to find the balance between story-telling and a 
value-creation approach so that this information is able to be analysed more easily. 
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When companies are in the practice of disclosing non-financial information, there is a 
problem regarding the different guidelines to follow. There is misalignment in the basic 
principles (i.e. thresholds of materiality), especially because of the variety of guidelines 
available to create such reports. For example, there are sustainability reports, Integrated 
reports, Corporate Social Responsibility Reports, Management reports and Director’s reports. 
In the case of environmental information, CDP brings a certain level of uniformity and 
standardisation in the environmental domain. However, there is a demand for a unique 
standard to guide companies in preparing and disclosing financial and non-financial 
information in an integrated way, or at least reduce the lack of complementarity between the 
different reporting standards.  Chapter 6 provides a qualitative study of the challenges around 
interoperability (technical, semantic, organisational, legal) to the exchange of environmental 
and sustainability data/information for better accountability (e.g. to policy and regulation) 
and decision making (e.g. within business and at policy level) when it comes to sustainability. 
We envision that supporting these claims using specific ICT solutions, such as XBRL and Linked 
Data, will allow new opportunities to support the areas of data standardisation, data 
connectivity, data accessibility and data integration. 
An additional problem discovered is how reporting processes are carried out inside the 
organisation.  For example, in the case of financial statements, it generally requires a 
coordinated effort between different departments, led by the financial department. The 
annual accounts must then be signed by the board of directors, and finally audited by an 
external auditor in order to ensure that the information is an accurate representation of the 
company and is consistent, reliable and free from material misstatement, whether caused by 
fraud or error. The auditors make sure that the financial statements present conformity with 
the generally accepted accounting principles. The audit report offers a reasonable level of 
assurance, which increases stakeholder confidence. In some cases, like in Spain and the 
United Kingdom, this information must be submitted in XBRL format to a government agency, 
 
Chapter 10. Conclusions and further work 
 
 193  
 
 
such as Companies House in the UK and The Business Registers in Spain. In both cases, the 
annual financial accounts are publicly available5556 by these authorities in XBRL format.  
On the other hand, the non-financial reports like CSR/Sustainability/Integrated reports 
require coordinated work between different departments but, according to the result of our 
interviews, this does not always happen; normally the responsibility lies with the marketing 
or sustainability department. This also depends on the sector; for example, in oil and gas, 
companies normally have specific departments for the disclosure of environmental 
information, given that environmental decisions and actions are integrated into a company’s 
core processes. These reports sometimes follow a review process instead of an audit process. 
The review process is usually carried out by an external auditor, which validates whether the 
information is consistent and only offers a limited level of assurance. However, unlike the 
auditing processes, the non-financial information lacks a generally accepted framework that 
makes impossible to ensure, with a reasonable level of assurance, that the information 
accurately represents the company. In Figure 39, the differences between the three levels of 
assurance—compilation, review and audit—are described in more detail.  
 
 
55 Companies House accounts data: https://beta.companieshouse.gov.uk/ [Accessed August 2019] 
56 Business Register accounts data: https://www.registradores.org/registroonline/home.seam [Accessed 
August 2019] 
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In addition to the limited level of assurance, this information is normally not signed by the 
board, which explains why investors and other users of this information do not have the same 
level of trust as they do in financial disclosures. In addition, non-financial reports are usually 
published on corporate websites in PDF format and in an unstructured way. Unlike the 
financial statements, these reports are decentralised, unstructured, not audited and not 
signed by the board.  In the case of CDP, the required environmental data is more structured, 
and CDP offers a place where this information is centralised. However, in general terms this 
means that the non-financial information is harder to analyse than the financial reports and 
less reliable with regards to making decisions. 
Figure 40 illustrates the different levels of assurance through an example of an annual report 
published by Triodos Bank. An annual report is a comprehensive report on a company’s 
activities and developments. It is published yearly and sent to the company’s shareholders 
and other stakeholders. This report includes part of the financial reports and non-financial 
reports, such as the income statement, the balance sheet and CO2 emissions, as well as 
Figure 39. Levels of assurance in auditing. Source: https://goo.gl/Ka94Tz [Accessed  August 2019] 
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information on the events that have influenced the company’s accounting through the years. 
Each part of this report offers a different level of assurance. 
 
Figure 40. Annual report and the different level of assurance 
 
In addition to how reporting processes are established inside companies and the different 
levels of assurance, there are several accounting problems in the non-financial domain. 
- Lack of precision, accuracy and reliability in non-financial metrics. This produces gaps 
in analysis and validation.  
- Lack of auditing and assurance processes/methodologies.  
- Lack of analysis by combining information from different domains, e.g., what is the 
financial impact of an increase in carbon emissions?  
Non-financial reporting initiatives like CDP are sharing stakeholders and reporting problems, 
and, to some extent, these problem areas are already solved in the financial reporting 
domain. We recommend that non-financial reporting initiatives such as CDP learn from the 
financial reporting practices and solutions implemented in related academic work. During our 
research, we took the approach that (1) evolving the XBRL standard (mainly in use in 
regulatory financial reporting) to include certain properties that are needed to represent and 
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validate an environmental information domain, and (2) implementing XBRL for environmental 
information using CDP data. 
10.2 Solutions 
This study used innovative solutions to address several technical problems (Figure 41): 
- Lack of data standardisation and data quality:  In Chapter 7, we envisioned the 
opportunities that XBRL could offer in climate-related reporting challenges. We 
demonstrated it is possible to: (1) develop the CDP data model in XBRL format; (2) evolve 
the XBRL standard through participation in the community as a member of the Best 
Practice Board at XBRL International; and (3) build the XBRL adoption strategy in CDP:  
https://www.cdp.net/en/research/xbrl. 
- Lack of accessibility and interoperability: We developed a solution for publishing CDP 
data connected to existing financial datasets issued by supervisory authorities and other 
Linked Open Datasets found on the Web, and we brought more contextual information 
and levels of validation to these corporate datasets. This solution encourages CDP to not 
only publish new environmental data on the Web, but to link with existing reports. These 
ideas were first envisioned in Chapter 6 and implemented using the potential of XBRL and 
Linked Data in Chapter 8. 
- Lack of alignments between different reporting frameworks: As previously discussed, 
greater complementarity is needed between the different reporting standards. In Chapter 
9, we presented Big Data methodology using text mining techniques to evaluate the level 
of alignments or equivalences between CDP and GRI data points, considering the real 
practices in corporate reporting analysing the company reports. Chapter 9 demonstrates 
how these techniques can be used for this particular reporting problem, as well as the 
continuing challenge of addressing how the unstructured information is provided in a 
decentralised way without unique identification or homogeneity. 
- Lack of proper tools for visualisation and analysis: We did not cover solutions to this 
subject, but it could be a future area of exploration. We recommend approaching this area 
with a multidisciplinary group formed from experts in environmental science and 
accounting, and researchers on computational climate models who are familiar with a 
data science approach. 
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10.3 Impact and contributions of this research 
Our research has contributed to academic knowledge through solution-driven papers, book 
chapters, journal papers and presentations at academic conferences. We have identified and 
articulated the continuing challenges and opportunities in environmental reporting for a 
multi-stakeholder audience. We believe that our contributions provide a fundamental 
platform to integrate both technologies and communities more effectively, and therefore 
enhance corporate transparency.  
 
Regarding industry, I have gained the position to be the Chair of the Best Practices Board 57at 
XBRL International, Expert Member of the International Financial Reporting Standards Board, 
Expert member of the ISO TC322 for Sustainable Finance and TC68 Financial Services and 
Chair the European XBRL Academic conference, hosted by the European Central Bank. This 
 
57 Best Practices Board at XBRL Int: https://www.xbrl.org/the-consortium/get-involved/best-practices-board/ 








Figure 41. Technical problems in environmental reporting 
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academic conference represents a space for sharing academic ideas and industrial needs, and 
it is helping to create new industrial networks and academic opportunities. 
Regarding our industrial impact, it takes the form of: 
• New collaborations with organisations addressing similar reporting challenges, such 
as AECA, CDP and the IIRC, but whose work is at the national and global level.  
• Practical influence in global standards organisations such as XBRL International by 
evolving the standard to support reporting needs from the environmental 
information domain.  
• Active participation in EU meetings regarding reporting policies, as well as a 
participative role in reporting working groups led by the ICAEW, FRC, AECA, XBRL 
International, XBRL Europe and XBRL Spain.  
 
Overall, this research has represented a personal and professional challenge with a 
fascinating learning process and collaborative network. The results provide an exploration of 
the problem space and innovative solutions that can be further developed by industry and 
academia. Through these results, I wanted to inspire others and bring a certain level of 
evolution and “out of the box thinking” into traditional corporate reporting environments. I 
hope this EngD research will aid the work being done at CDP, other sustainability initiatives 
and those following with related academic work. 
10.4  Further work 
 
Given the exploratory and solution-driven nature of this work, it can serve as a resource for 
further research into environmental information systems and multidisciplinary work.  
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We believe that the challenges identified at the production, consumption and distribution of 
environmental sustainability information should be addressed through a joint effort between 
business strategy, accounting and technology as presented in Figure 42. 
 
Our work should inspire the further exploration and development in this field:  
• From an accounting perspective, it would be valuable to identify how to create a 
Generally Accepted Framework for the disclosure of financial and non-financial 
information that could promote a higher level of assurance, in line with efforts by 
Lizcano et al.  [120]. 
• From a business strategy perspective, it is important to identify what business goals 
are necessary to achieve in the context of the real impact of ESG information [121]. 
Apart from identifying the market-relevant information, such an investigation will 
provide a better understanding of the importance of the types of disclosure (e.g. 
environmental, social or governance) and the best way to present the information 
(e.g. whether qualitative or quantitative). It is important to explore the reality of the 
reporting, studying and comparability of company and sector-specific disclosure best 
practices against the requirements of global and national regulatory bodies (e.g. GRI, 
IRC, FASB, IASB, UK FRC, and various reporting frameworks) in a manner that is 
consistent with fundamental principles such as materiality [122].  
Figure 42. Disciplines that can solve corporate reporting problems 
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• It would be valuable to explore which short-term and long-term effects could be 
derived from the “connected-models” application of certain transparency policies 
[123]. 
• Finally, what kind of decisions could be driven by interoperability, given the corporate 
reporting ecosystem? We believe that our study can facilitate the identification of 
design patterns to build better IS solutions for sustainability, in line with previous work 
such as Knowles et al. [124][125]. For example, assessing the format, content and 
quality of all forms of corporate disclosure on ESG matters to let this diverse 
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Annex A - Mandatory and voluntary disclosure initiatives 
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European public interest 
organisations with more than 
500 employees (around 6000 
large companies in the EU)
Business model
Policies and due dil igence
Outcomes (how financial and non-
financial outcomes relates)
Opportunities and risks that affect the 
business
Sectorial and geographical scope
Thematic aspects (often inter-connected):
Environmental matters
Social and employee matters
Respect for human rights




Management report or separate 
non-financial statement 
referenced in the management 
report
Undefined. It 
depends on local 
transpositions
Depends on local 
transpositions
CDP (formerly the Carbon Disclosure Project);
Climate Disclosure Standards Board;
OECD Due Diligence Guidance for Responsible Supply Chains from Conflict-Affected and High-Risk areas, and the supplements to it;
Eco-Management and Audit Scheme (EMAS) and the related Sectoral Reference Documents;
European Federation of Financial Analysts Societies’ KPIs for Environmental, Social, Governance (ESG), a Guideline for the Integration of 
ESG into Financial Analysis and Corporate Valuation;
Global Reporting Initiative; 
Guidance for Responsible Agricultural Supply Chains of FAO-OECD;
Guidance on the Strategic Report of the UK Financial Reporting Council;
Guidelines for Multinational Enterprises of the Organisation for Economic Cooperation and Development;
Guiding Principles Reporting Framework on Business and Human Rights;
ISO 26000 of the International Organisation for Standardisation;
International Integrated Reporting Framework;
Model Guidance on reporting ESG information to investors of the UN Sustainable Stock Exchanges Initiative;
Natural Capital Protocol;
Product and Organisation Environmental Footprint Guides;
Sustainability Accounting Standards Board;
Sustainability Code of the German Council for Sustainable Development;
Tripartite Declaration of principles concerning multinational enterprises and social policy of the International Labour Organisation;
United Nations (UN) Global Compact;
UN Sustainable Development Goals, Resolution of 25 September 2015 transforming our world: the 2030 Agenda for Sustainable 
Development;
UN Guiding Principles on Business and Human Rights implementing the UN ‘Protect, Respect and Remedy’ Framework.
This Directive depends on local 
transposition and each member of 
state is the responsible of adapting the  
management report to comply with 
these new requirements for 2018. For 
example, in Spain the Security and 
Exchange Commision (CNMV) will  be 
responsible to receive this information.





Japan Any Japanese company










access to a web 
portal. Report is 
submitted or l inked. 
Many formats are 
permitted: PDF,  XBRL, 
SNS etc.
Yes https://www.env-report.env.go.jp/





Public interest organisations 
with more than 500 
employees
It is now changing and must align with the 
type of information required by the  EU 
Directive 2014/95
Mandatory











(Task Force on Climate-related 
Financial Disclosure)
Guidelines Global (G20)
G20: Listed and non-listed 
companies of any size; 
Sector oriented
Climate-Related Risks and Potential 
Financial Impacts
Voluntary Undefined Undefined Undefined
Australia: National Greenhouse and Energy Reporting Act (2007)
European Union (EU): EU Directive 2014/95 regarding disclosure of non-financial and diversity information (2014)
France: Article 173, Energy Transition Law (2015)
India: National Voluntary Guidelines on Social, Environmental, and Economic Responsibil ities of Business (2011)
United Kingdom: Companies Act 2006 (Strategic Report and Directors’ Report) Regulations 2013
United States: NAICs, 2010 Insurer Climate Risk Disclosure Survey
United States: SEC Guidance Regarding Disclosure Related to Climate Change
Australia: Australia Securities Exchange Listing Requirement 4.10.3; Corporate Governance Principles and Recommendations (2014)
Brazil: Stock Exchange (BM&FBovespa) Recommendation of report or explain (2012)
China: Shenzhen Stock Exchange Social Responsibil ity Instructions to Listed Companies (2006)
Singapore: Singapore Exchange Listing Rules 711A & 711B and Sustainability Reporting Guide (2016) (“Guide”)
South Africa: Johannesburg Stock Exchange Listing Requirement Paragraph 8.63; King Code of Governance Principles (2009)
World, regional, and country-specific indices: S&P Dow Jones Indices, Sustainability Index, Sample Questionnaires
Asset Owners Disclosure Project 2017 Global Climate Risk Survey
CDP Annual Questionnaire (2016)
GRESB Infrastructure Asset Assessment & Real Estate Assessment
GRI Sustainability Reporting Standards (2016)
IIGCC Oil & Gas (2010) Automotive (2009) Electric Util ities (2008)
IIRC International Integrated Reporting Framework (2013)
IPIECA Oil and gas industry guidance on voluntary sustainability reporting
PRI Reporting Framework (2016)






Listed and non-listed 
companies of any size. Sector 
specific oriented.
Cities
Environmental: Climate Change, Water 
and Forest
Voluntary CDP Diclosure platform
Web platform-
manual submission
The full  dataset is 
available after 
payment and only 
part of the data is 
free. 
GHG Protocol




Carbon Pricing (UN Global Compact)
CDP systems (the full  dataset is 
available after payment);
CDP open data portal (subset of the 




Listed and non-listed 
companies of any size. Sector 
specific oriented.







PDF and XBRL Yes
International Labour Organization (ILO) Convention 87, ‘Freedom of Association and Protection of the Right to Organise Convention’, 
1948.
International Labour Organization (ILO) Convention 98, ‘Right to Organise and Collective Bargaining Convention’, 1949.
International Labour Organization (ILO) Convention 135, ‘Workers’ Representatives Convention’,1971.
International Labour Organization (ILO) Convention 154, ‘Collective Bargaining Convention’, 1981.
International Labour Organization (ILO) Declaration, ‘Declaration on Fundamental Principles and Rights at Work’, 1998.
International Labour Organization (ILO), Key Indicators of the Labour Market (KILM)
International Labour Organization (ILO), LABORSTA Internet
International Labour Organization (ILO) Recommendation 91, ‘Collective Agreements Recommendation’, 1951.
International Labour Organization (ILO) Recommendation 163, ‘Collective Bargaining Recommendation’, 1981.
International Labour Organization (ILO), ‘Resolution concerning the International Classification of Status in Employment (ICSE)’, 1993.
Organisation for Economic Co‐operation and Development (OECD) Principles, ‘Principles of Corporate Governance’, 2004.
United Nations (UN), Composition of macro geographical (continental) regions, geographical sub-regions, and selected economic and 
other groupings
United Nations (UN) Declaration, ‘The Rio Declaration on Environment and Development’, 1992.
United Nations (UN), ‘Guiding Principles on Business and Human Rights, Implementing the United Nations “Protect, Respect and Remedy” 
Framework’, 2011.
United Nations (UN), ‘Protect, Respect and Remedy: a Framework for Business and Human Rights’, 2008.
United Nations (UN), Report of the Special Representative of the Secretary-General on the Issue of Human Rights and Transnational 
Corporations and Other Business Enterprises,
John Ruggie, 2011
The centralization of these reports is 
not compulsory.
Companies normally publish their 
reports on their websites.
GRI makessome of them publicly 
available on their website as a 






Listed and non-listed 











The centralization of these reports is 
not compulsory.
Companies normally publish their 
reports on their websites.
IIRC makes a repository of some of 










European public and private 
organisations













Annex A - Mandatory and voluntary disclosure initiatives 
 

























European public interest 
organisations with more than 
500 employees (around 6000 
large companies in the EU)
Business model
Policies and due dil igence
Outcomes (how financial and non-
financial outcomes relates)
Opportunities and risks that affect the 
business
Sectorial and geographical scope
Thematic aspects (often inter-connected):
Environmental matters
Social and employee matters
Respect for human rights




Management report or separate 
non-financial statement 
referenced in the management 
report
Undefined. It 
depends on local 
transpositions
Depends on local 
transpositions
CDP (formerly the Carbon Disclosure Project);
Climate Disclosure Standards Board;
OECD Due Diligence Guidance for Responsible Supply Chains from Conflict-Affected and High-Risk areas, and the supplements to it;
Eco-Management and Audit Scheme (EMAS) and the related Sectoral Reference Documents;
European Federation of Financial Analysts Societies’ KPIs for Environmental, Social, Governance (ESG), a Guideline for the Integration of 
ESG into Financial Analysis and Corporate Valuation;
Global Reporting Initiative; 
Guidance for Responsible Agricultural Supply Chains of FAO-OECD;
Guidance on the Strategic Report of the UK Financial Reporting Council;
Guidelines for Multinational Enterprises of the Organisation for Economic Cooperation and Development;
Guiding Principles Reporting Framework on Business and Human Rights;
ISO 26000 of the International Organisation for Standardisation;
International Integrated Reporting Framework;
Model Guidance on reporting ESG information to investors of the UN Sustainable Stock Exchanges Initiative;
Natural Capital Protocol;
Product and Organisation Environmental Footprint Guides;
Sustainability Accounting Standards Board;
Sustainability Code of the German Council for Sustainable Development;
Tripartite Declaration of principles concerning multinational enterprises and social policy of the International Labour Organisation;
United Nations (UN) Global Compact;
UN Sustainable Development Goals, Resolution of 25 September 2015 transforming our world: the 2030 Agenda for Sustainable 
Development;
UN Guiding Principles on Business and Human Rights implementing the UN ‘Protect, Respect and Remedy’ Framework.
This Directive depends on local 
transposition and each member of 
state is the responsible of adapting the  
management report to comply with 
these new requirements for 2018. For 
example, in Spain the Security and 
Exchange Commision (CNMV) will  be 
responsible to receive this information.





Japan Any Japanese company










access to a web 
portal. Report is 
submitted or l inked. 
Many formats are 
permitted: PDF,  XBRL, 
SNS etc.
Yes https://www.env-report.env.go.jp/





Public interest organisations 
with more than 500 
employees
It is now changing and must align with the 
type of information required by the  EU 
Directive 2014/95
Mandatory











(Task Force on Climate-related 
Financial Disclosure)
Guidelines Global (G20)
G20: Listed and non-listed 
companies of any size; 
Sector oriented
Climate-Related Risks and Potential 
Financial Impacts
Voluntary Undefined Undefined Undefined
Australia: National Greenhouse and Energy Reporting Act (2007)
European Union (EU): EU Directive 2014/95 regarding disclosure of non-financial and diversity information (2014)
France: Article 173, Energy Transition Law (2015)
India: National Voluntary Guidelines on Social, Environmental, and Economic Responsibil ities of Business (2011)
United Kingdom: Companies Act 2006 (Strategic Report and Directors’ Report) Regulations 2013
United States: NAICs, 2010 Insurer Climate Risk Disclosure Survey
United States: SEC Guidance Regarding Disclosure Related to Climate Change
Australia: Australia Securities Exchange Listing Requirement 4.10.3; Corporate Governance Principles and Recommendations (2014)
Brazil: Stock Exchange (BM&FBovespa) Recommendation of report or explain (2012)
China: Shenzhen Stock Exchange Social Responsibil ity Instructions to Listed Companies (2006)
Singapore: Singapore Exchange Listing Rules 711A & 711B and Sustainability Reporting Guide (2016) (“Guide”)
South Africa: Johannesburg Stock Exchange Listing Requirement Paragraph 8.63; King Code of Governance Principles (2009)
World, regional, and country-specific indices: S&P Dow Jones Indices, Sustainability Index, Sample Questionnaires
Asset Owners Disclosure Project 2017 Global Climate Risk Survey
CDP Annual Questionnaire (2016)
GRESB Infrastructure Asset Assessment & Real Estate Assessment
GRI Sustainability Reporting Standards (2016)
IIGCC Oil & Gas (2010) Automotive (2009) Electric Util ities (2008)
IIRC International Integrated Reporting Framework (2013)
IPIECA Oil and gas industry guidance on voluntary sustainability reporting
PRI Reporting Framework (2016)






Listed and non-listed 
companies of any size. Sector 
specific oriented.
Cities
Environmental: Climate Change, Water 
and Forest
Voluntary CDP Diclosure platform
Web platform-
manual submission
The full  dataset is 
available after 
payment and only 
part of the data is 
free. 
GHG Protocol




Carbon Pricing (UN Global Compact)
CDP systems (the full  dataset is 
available after payment);
CDP open data portal (subset of the 




Listed and non-listed 
companies of any size. Sector 
specific oriented.







PDF and XBRL Yes
International Labour Organization (ILO) Convention 87, ‘Freedom of Association and Protection of the Right to Organise Convention’, 
1948.
International Labour Organization (ILO) Convention 98, ‘Right to Organise and Collective Bargaining Convention’, 1949.
International Labour Organization (ILO) Convention 135, ‘Workers’ Representatives Convention’,1971.
International Labour Organization (ILO) Convention 154, ‘Collective Bargaining Convention’, 1981.
International Labour Organization (ILO) Declaration, ‘Declaration on Fundamental Principles and Rights at Work’, 1998.
International Labour Organization (ILO), Key Indicators of the Labour Market (KILM)
International Labour Organization (ILO), LABORSTA Internet
International Labour Organization (ILO) Recommendation 91, ‘Collective Agreements Recommendation’, 1951.
International Labour Organization (ILO) Recommendation 163, ‘Collective Bargaining Recommendation’, 1981.
International Labour Organization (ILO), ‘Resolution concerning the International Classification of Status in Employment (ICSE)’, 1993.
Organisation for Economic Co‐operation and Development (OECD) Principles, ‘Principles of Corporate Governance’, 2004.
United Nations (UN), Composition of macro geographical (continental) regions, geographical sub-regions, and selected economic and 
other groupings
United Nations (UN) Declaration, ‘The Rio Declaration on Environment and Development’, 1992.
United Nations (UN), ‘Guiding Principles on Business and Human Rights, Implementing the United Nations “Protect, Respect and Remedy” 
Framework’, 2011.
United Nations (UN), ‘Protect, Respect and Remedy: a Framework for Business and Human Rights’, 2008.
United Nations (UN), Report of the Special Representative of the Secretary-General on the Issue of Human Rights and Transnational 
Corporations and Other Business Enterprises,
John Ruggie, 2011
The centralization of these reports is 
not compulsory.
Companies normally publish their 
reports on their websites.
GRI makessome of them publicly 
available on their website as a 






Listed and non-listed 











The centralization of these reports is 
not compulsory.
Companies normally publish their 
reports on their websites.
IIRC makes a repository of some of 










European public and private 
organisations








Voluntary EMAS report PDF Yes
EMAS repository: 
http://ec.europa.eu/environment/emas
/register/ 
